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TITLE OF THE INVENTION 

BRIDGED PIPEREDINE DERIVATIVES AS MELANOCORTIN RECEPTOR 
AGONISTS 

FIELD OF THE INVENTION 

The present invention relates to bridged piperidine derivatives, their 
synthesis, and their use as melanocortin receptor (MC-R) agonists. More particularly, 
the compounds of the present invention are selective agonists of the meIanocortin-4 ' 
receptor (MC-4R) and are thereby useful for the treatment of disorders responsive to 
the activation of MC-4R, such as obesity, diabetes, male sexual dysfunction, and 
female sexual dysfunction. 

BACKGROUND OF THE INVENTION 

Pro-opiomelanocortin (POMC) derived peptides are known to affect 
food intake. Several lines of evidence support the notion that the G-proteiri coupled 
receptors (GPCRs) of the melanocortin receptor (MC-R) family, several of which are 
expressed in the brain, are the targets of POMC derived peptides involved in the 
control of food intake and metabolism. A specific single MC-R that may be targeted 
for the control of obesity has not yet been identified, although evidence has been 
presented that MC-4R signalling is important in mediating feed behavior (S.Q. 
Giraudo et al., 'Feeding effects of hypothalamic injection of melanocortin-4 receptor 
ligands," Brain Research , 80: 302-306 (1998)). 

Evidence for the involvement of MC-R's in obesity includes: i) the 
agouti (A vy ) mouse which ectopically expresses an antagonist of the MC-1R, MC-3R 
and -4R is obese, indicating that blocking the action of these three MC-R's can lead to 
hyperphagia and metabolic disorders; ii) MC-4R knockout mice (D. Huszar et al., 
Cell, 88: 131-141 (1997)) recapitulate the phenotype of the agouti mouse and these 
mice are obese; iii) the cyclic heptapeptide MT-H (a non-selective MC-1R, -3R, -4R, 
and -5R agonist) injected intracerebroventricularly (ICV) in rodents, reduces food 
intake in several animal feeding, models (NPY, ob/ob, agouti, fasted) while ICV 
injected SHU-91 19 (MC-3R and 4R antagonist; MC-1R and -5R agonist) reverses this 
effect and can induce hyperphagia; iv) chronic intraperitoneal treatment of Zucker 
fatty rats with an a-NDP-MSH derivative (HP228) has been reported to activate MC- 
1R, -3R, -4R, and -5R and to attenuate food intake and body weight gain over a 12- 
week period (I. Corcos et al., "HP228 is a potent agonist of melanocortin receptor-4 

-1- 



WO 03/007949 PCT/US02/22258 



and significantly attenuates obesity and diabetes in Zucker fatty rats," Society for 
Neuroscience Abstracts, 23: 673 (1997)). 

Five distinct MC-R's have thus far been identified, and these are 
expressed in different tissues. MC-1R was initially characterized by dominant gain of 
5 function mutations at the Extension locus, affecting coat color by controlling 
phaeomelanin to eumelanin conversion through control of tyrosinase. MC-1R is 
mainly expressed in melanocytes. MC-2R is expressed in the adrenal gland and 
represents the ACTH receptor. MC-3R is expressed in the brain, gut, and placenta 
and may be involved in the control of food intake and thermogenesis. MC-4R is 

10 uniquely expressed in the brain, and its inactivation was shown to cause obesity (A. 
Kask, et al., "Selective antagonist for the melanocortin-4 receptor (HS014) increases 
food intake in free-feeding rats," Biochem. Biophvs. Res. Commun .. 245: 90-93 • 
(1998)). MC-5R is expressed in many tissues, including white fat, placenta and 
exocrine glands. A low level of expression is also observed in the brain. MC-5R 

1 5 knockout mice reveal reduced sebaceous gland lipid production (Chen et al. , Cell , 9 1 : 
789-798 (1997)). 

Erectile dysfunction denotes the medical condition of inability to 
achieve penile erection sufficient for successful sexual intercourse. The term 
"impotence" is oftentimes employed to describe this prevalent condition. 

20 Approximately 140 million men worldwide > and, according to a National Institutes of 
Health study, about 30 million American men suffer from impotency or erectile 
dysfunction. It has been estimated that the latter number could rise to 47 million men 
by the year 2000. Erectile dysfunction can arise from either organic or psychogenic 
causes, with about 20% of such cases being purely psychogenic in origin. Erectile 

25 dysfunction increases from 40% at age 40, to 67% at age 75, with over 75% occurring 
in men over the age of 50. In spite of the frequent occurrence of this condition, only a 
small number of patients have received treatment because existing treatment 
alternatives, such as injection therapies, penile prosthesis implantation, and vacuum 
pumps, have been uniformly disagreeable [for a discussion, see "ABC of sexual 

30 health - erectile dysfunction," Brit. Med. J. 318: 387-390 (1999)]. Only more recently 
have more viable treatment modalities become available, in particular orally active 
agents, such as sildenafil citrate, marketed by Pfizer under the brand name of 
Viagra®. (See "Emerging pharmacological therapies for erectile dysfunction," Exp. 
O pin. Ther. Patents 9: 1689-1696 (1999)). Sildenafil is a selective inhibitor of type V 

35 phosphodiesterase (PDE-V), a cyclic-GMP-specific phosphodiesterase isozyme [see 
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R.B. Moreland eial., "Sildenafil: A Novel Inhibitor of Imoaphodiea™*, Type 5 in 
Human Corpus Cavemosnm Smooth Muscle Cell,,- UfeSei., 62: 309-31 8 09981, 
Prtorto me introduction of Viagraon the marta, less « of pa enl 
from erecule dysfunction meeived treatment. Sildenafi. is alao JL he 
5 ctac for me treatment of female sexual dysfunction. 

d„ Ifi , . ^^'^^^"^^fetheomltmatmentofetectile 
dysftmc ton has mvig„*d efforts to discover even more effective memode ^ 

ST .t"' ^^^-^-FDE-VinMbito.aret 17 
titals. UK- "^iaaaUdenafflb^fomHtzee^ma^^^in,^ 

^'Ji ^^^-'^^-.^ersIuvityX^V 
over PDE-VI man aBdenafi,. Other PDE-Vmhibitom include M-5403 3 ldM L* 
from Mochtda PhannaceuUoal Co. and E^oro from Baal Co., Ltd 
*«, ,• . 0ther P hannacol °S i «'»Pmacnea.o the treatment of erectile 
dysfunction have been described [see, e.g., "Latest Findings on me Diagnosis ^ 

rzi. sote,,8evaiuaKdfM,he ~ rf ^^ 

Dm ^ W ^ terecffled ^'i»nacteitherperiphe 1 tallyorcent ra lIv 
hamate a sexual tesponae to prior stimulation (for a diacusaion, S ee "A 

Operative to . J. Impotence P_es , 9: U5-m (1997)]. While sildenafil and 

^^"^Ptallyandamctmaid^mbe-ertanoera-or^amm-rf 
the aexual response to emtio stimulation, sildenafil appears to be efflcacioua t^H 

oT »T?V7"~" ma '*~~ ~ba™~ 

o 3M0 annates after an oral doae with the effect lasting about 4 hours whereas 
phentolamme retires 3 . 30 ^ tor 0 „ se , ^ , ■ *~ 

atldenafiltseffeetiveinamajority of patients, it. aires a relatively lon^rT 
impound to show tine desired effects. The ,aater-acti„g phentolLe", 
leas effecnve and to have a shorter duration of action than sildenafil. Jj^jL 
effective ■„ about 70% of men who take it, whereaa an adnata teapot 1 
Phentolamme la observed in only 3«0% of patients. Both compounds ^ emtio 

1 
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stimulation for efficacy. Since sildenafil indirectly increases blood flow in the 
systemic circulation by enhancing the smooth muscle relaxation effects of nitric 
oxide, it is contraindicated for patients with unstable heart conditions or 
cardiovascular disease, in particular patients taking nitrates, such as nitroglycerin, to 

5 treat angina. Other adverse effects associated with the clinical use of sildenafil 

include headache, flushing, dyspepsia, and "abnormal vision," the latter the result of 
inhibition of the type VI phosphodiesterase isozyme (PDE-VI), a cyclic-GMP-specific 
phosphodiesterase that is concentrated in the retina. "Abnormal vision" is defined as 
a mild and transient "bluish" tinge to vision, but also an increased sensitivity to light 

10 or blurred vision. 

Synthetic melanocortin receptor agonists (melanotropic peptides) have 
been found to initiate erections in men with psychogenic erectile dysfunction [See H. 
Wessells et al .„ "Synthetic Melanotropic Peptide Initiates Erections in Men With 
Psychogenic Erectile Dysfunction: Double-Blind, Placebo Controlled Crossover 

15 Study," J. Urol ., 160: 389-393 (1998); Fifteenth American Peptide Symposium , June 
14-19, 1997 (Nashville TN)]. Activation of melanocortin receptors of the brain 
appears to cause normal stimulation of sexual arousal. In the above study, the 
centrally acting a-melanocyte-stimulating hormone analog, melanotan-H (MT-II), 
exhibited a 75% response rate, similar to results obtained with apomorphine, when 

20 injected intramuscularly or subcutaneously to males with psychogenic erectile 

dysfunction. MT-II is a synthetic cyclic heptapeptide, Ac-Nle-c[Asp-His-DPhe-Arg- 
Trp-Lys]-NH2, which contains the 4-10 melanocortin receptor binding region 
common to a-MSH and adrenocorticotropin, but with a lactam bridge. It is a non- 
selective MC-1R, -3R, -4R, and -SR agonist (Dorr et al., Life Sciences , Vol. 58, 

25 1777-1784, 1996). MT-H (also referred to as PT-14) (Erectide®) is presently in 
clinical development by Palatin Technologies, Inc. and TheraTech, Inc. as a non- 
penile subcutaneous injection formulation. It is considered to be an "initiator" of the 
sexual response. The time to onset of erection with this drug is relatively short (10-20 
minutes) with a duration of action approximately 2.5 hours. Adverse reactions 

30 observed with MT-H include nausea, flushing, loss of appetite, stretching, and 

yawning and may be the result of activation of MC-1R, MC-2R, MC-3R, and/or MC- 
5R. MT-H must be administered parenterally, such as by subcutaneous, intravenous, 
or intramuscular route, since it is not absorbed into the systemic circulation when 
given by the oral route. 
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25 



MT-H's erectogenic properties apparently are not limited to cases of 
psychogenic erectile dysfunction in that men with a variety of organic nskfactors 
developed pemle erections upon subcutaneous injection of the compound; moreover 
the ,evel of sexual desire was significantly higher after MT-II administration than 
after placebo [see H. Wessells, "Effect of an Alpha-Melanocyte Stimulating Hormone 
An^ogonPenileErection and Sexual Desire in Men with Organic Erectile 
Dysfunction," Urolog y, 56: 641-646 (2000)]. 



CompOSlbonsofme,a ^tropicpeptidesandmethodsforthetreatment 
of psychogemc erectile dysfunction are disclosed in U.S. Patent No. 5 576 290 

assigned to Competitive Technologies. Methods of stimulating sexual response in 
females using melanotropic peptides have been disclosed in U.S. Patent No 
6.05 1.55:5. 



10 

6,051,555 



30 



35 



99/6400, n * n T Pipeiidine have been ^sed in WO 

99/64002 (16 December 1999) and WO 00/74679 (14 December 2000), respectively 
as agonists of the melanocortin receptor( S ) and thereby useful for the treatment of 
diseases an disorders, such as obesuy, diabetes, and sexual dysfimction, including 
erectile dysfunction and female sexual dysfunction. 

rf" ° f *• UnreSOlV6d defiCiendeS ° f the Various Pharmacological 

methods and compositions to treat individuals suffering from psychogenic and/or 

organic sexual dysfunction. Such methods should have wider applicability, enhanced 
onvemenceandease of va^^^^J^^^ 

forthetieatmenr^Z:^ 

/ tisAereforeMob ^tofthepresentinventiontoprovidebridged 

treat obesity, diabetes, male sexual dysfunction, and female sexual dysfunction 

It is another object of the present invention to provide bridged 
Pipendme derivatives which are selective agonists of the melanocortin-4 (MC-4R) 

It is another object of the present invention to provide pharmaceutical 
compositions comprising the melanocortin receptor agonists of the present j£ 
with a pharmaceutical^ acceptable carrier. 'invention 
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It is another object of the present invention to provide methods for the 
treatment or prevention of disorders, diseases, or conditions responsive to the 
activation of the melanocortin receptor in a subject in need thereof by administering 
the compounds and pharmaceutical compositions of the present invention. 
5 It is another object of the present invention to provide methods for the 

treatment or prevention of obesity, diabetes mellitus, male sexual dysfunction, and 
female sexual dysfunction by administering the compounds and pharmaceutical 
compositions of the present invention to a subject in need thereof. 

It is another object of the present invention to provide methods for the 
10 treatment of erectile dysfunction by administering the compounds and pharmaceutical 
compositions of the present invention to a subject in need thereof. 

These and other objects will become readily apparent from the detailed 
description that follows. 

15 SUMMARY OF THE INVENTION 

The present invention relates to novel bridged piperidine derivatives of 
structural formula I: 




20 These bridged piperidine derivatives are effective as melanocortin 

receptor agonists and are particularly effective as selective melanocortin-4 receptor 
(MC-4R) agonists. They are therefore useful for the treatment and/or prevention of 
disorders responsive to the activation of MC-4R, such as obesity, diabetes as well as 
male and female sexual dysfunction, in particular, male erectile dysfunction. 

25 The present invention also relates to pharmaceutical compositions 

comprising the compounds of the present invention and a phannaceutically acceptable 
carrier. 
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nrev, r J 1 * pre!ent '" Venti0 " * ho relates 10 me!h °* to the treatment or 
prevention of adders, disease,, or conditions responsive to the activation of ,„e 
meWottin receptt* in a subject in need them!by alJmj 

andpharmacouoealcompositionsofthepresentinvontion. 

5 ™ « ™ epreSen,inVe " ,i0 " alsorolatesto ™*odaforthe t reatn,entor 
pre e„„o„ of obesity, diabetes nte„i t „s, ntale sexo„ dystaedon, and fen* sla, 

The present invention also relates to methods for treating erectile 
The present invention also relates to methods for treat™ erectile 

Tbepreaentinventionalsorelateatomethodafortreadnnor 
preventing obesity by attaining the compounds of the present invention in 

Thepresentinventionalsorelatestomethodsfortreatingorpreventin. 

25 DETAILED DESCRIPTION OF THE INVENTION 

as melanocor. • ^ ^ ^ t0 W * Bd piperidine useful 

as melanocortm receptor agonists. Representative compounds of the present 
invention are described by structural formula I- 




(I) 
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or a pharmaceutical^ acceptable salt thereof; 
wherein m is 1 or 2; 
each n is independently 0, 1, or 2; 
each p is independently 0, 1 or 2; 
5 q is 1 or 2; 



Rl is selected from the group consisting of 

hydrogen, 

Ci-8 alkyl, 
10 (CHR7) n -C3-6 cycloalkyl, 

(CHR7) q -0(CHR7)aryl, 

(CHR7) n -aryl, and 

(CHR7) n -heteroaryl; 
wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
15 independently selected from R6; and alkyl and cycloalkyl are unsubstituted or 
substituted with one to three groups independently selected from R6 and oxo; 



R2 is selected from the group consisting of 
hydrogen, 
20 Ci-8 alkyl, 

(CH2)nC3-6 cycloalkyl, and 
(CH 2 ) n -aryl; 



R3 and R 4 are each independently selected from the group consisting of 
25 hydrogen, 
Ci-8 alkyl, 

(CH2) n C3-6 cycloalkyl, 
(CH 2 ) n -aryl, 
hydroxy, 
30 halogen, and 

amino; 



R5 is selected from the group consisting of 
hydrogen, 
35 Ci-8 alkyl, 
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(CH2) n -ary] ) 

(CH2)nC3-6 cycloalkyl, 

(CH2)n-heteroary], 

(CH2) n -heterocyclyl, 

COC(R7) 2 NH 2> 

COR7, 

(CH 2 )nOR7 

(CH 2 ) n C02R7, 
(CH 2 )nCONR7R7, 

CH 2 ChCH, 
C0 2 R7 

CH 2 CHF 2 , 

CONR7r7 ; and 
S0 2 R7 ; 

wherein aryl and heteroaryl are unsubstituted or substituted with one to th™ „ 
— d -^^-^^w^^^ 

each R6 is independently selected from the group consisting of 
hydrogen, 
Cl-6 alky], 

(CH2)n-phenyl, 

(CH2) n -naphthyl, 

( c H2)n-heteroaryl, 

( CIi 2)n-heterocyclyl, 

(CH2)nC3-7 cycloalkyl, 

halogen, 

OR7, 

(CH2) n N(R7) 2) 
(CH 2 ) n C S N, 
(CH 2 ) n C02R7 ) 
N0 2> 

(CH2) n NR7s02R7, 
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(CH2)nS0 2 N(R7) 2 , 

(CH 2 )nS(0) p R7 

(CH 2 )nNR7C(0)N(R7) 2 , 

(CH2)nC(0)N(R7) 2 , 

(CH 2 ) n NR7C(0)R7, 

(CH2)nNR 7 C02R7 

0(CH 2 )nC(0)N(R7) 2 , 

CF3, 

CH 2 CF 3 , 

OCF3, and 



OCH2CF3; 

wherein phenyl, naphthyl, heteroaryl, cycloalkyl, and heterocyclyl are unsubstituted or 
substituted with one to three substituents independently selected from halogen, 
hydroxy, Ci_4 alkyl, trifluoromethyl, and Ci-4 alkoxy; and wherein any methylene 
15 (CH2) carbon atom in R6 is unsubstituted or substituted with one to two groups 
independently selected from halogen, hydroxy, and Ci-4 alkyl; or two substituents 
when on the same methylene (CH2) carbon atom are taken together with the carbon 
atom to which they are attached to form a cyclopropyl group; 

20 each R7 is independently selected from the group consisting of 



(CH2) n C3-7 cycloalkyl; 
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R6; alkyl and cycloalkyl are unsubstituted 
or substituted with one to three groups independently selected from R6 and oxo; and 
30 wherein any methylene (CH2) carbon atom in R7 is unsubstituted or substituted with 
one to two groups independently selected from halogen, hydroxy, and Ci_4 alkyl; or 
two R7 groups together with the atom to which they are attached form a 5- to 8- 
membered mono- or bicyclic ring system optionally containing an additional 
heteroatom selected from O, S , and NC 1 -4 alkyl ; 



25 



hydrogen, 
C1-8 alkyl, 
(CH2)n-phenyl, 
(CH2) n -naphthyl, 
(CH2)n-heteroaryl, and 
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each R8 is independently selected from the group co nsisting of 
hydrogen, e 
(CH2) n Ci_ 7 alkyl, 
5 (CH2)n-aryl, 

( c H2)n-heteroaryl, 
( c H2)n-heterocycly], and 
(CH2) n C3- 7 cycloalkyl; 

group; y 316 attac "ed to form a cyclopropy] 

X is selected from the group consisting of 
20 Ci.8 alkyl, 

. (CH2) n C3-s cycloalkyl, 

(CH2) n -phenyl, 

(CH2)n-naphthyl, 

( c H2)n-heteroaryl, 
25 (CH2) n heterocyc]yl, 

(CH 2 ) n GsN, 
( c H2)nCON(R8R8) j 
(CH2)nC02R8, 
(CH 2 )nCOR8, 

30 (CH2)nNR8c(0)R8, 

(CH2)nNR8C02R8, , 

(CH 2 ) n NR8c(0)N(R8) 2> 

(CH 2 )nNR8so 2 R8 j 

CCH 2 ) n S(0)pR8, 
35 (CH 2 )nS0 2 N(R8)( R 8) ) 
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(CH 2 )nOR8, 
(CH 2 ) n OC(0)R8, 
(CH2) n OC(0)OR8, 
(CH 2 )nOC(0)N(R8) 2 , 
5 (CH2) n N(R8)(R8), and 

(CH2) n NR8S0 2 N(R8)(R8) ; 

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R6; alkyl, cycloalkyl, and heterocyclyl are 
unsubstituted or substituted with one to three groups independently selected from R6 
10 and oxo; and wherein any methylene (CH2) carbon atom in X is unsubstituted or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
C1-4 alkyl; and 

Y is selected from the group consisting of 
15 hydrogen, 
C1-8 alkyl, 
C2-6 alkenyl, 
(CH2)nC3-8 cycloalkyl, 
(CH2)n-phenyl, 
20 (CH2)n-naphthyl, 

(CH2)n-heteroaryl, and 
(CH2)n-heterocyclyl; 
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R6; alkyl, cycloalkyl, and heterocyclyl are 
25 optionally substituted with one to three groups independently selected from R6 and 
oxo; and wherein any methylene (CH2) carbon atom in Y is unsubstituted or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
Ci-4 alkyl. 

30 In one embodiment of the compounds of formula I, Rl is 

CHR 7 -aryl, CHR 7 OCHR 7 -aryl, or CHR 7 -heteroaryl wherein aryl and heteroaryl are 
unsubstituted or substituted with one to two groups independently selected fromR6. 
In a class of this embodiment, Rl is benzyl optionally substituted with one or two 
groups independently selected from halogen, Ci-4 alkyl, Cl-4 alkoxy, CN, CF3, and 
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OCF3. » a suW « of Ws class , R1 is 4<hlorobe 

5 ^ baSKOndemtodte "'° f ^PO™*of f o ran ,a,, R 2 jsMrogenor 

^poo^f^^^ 

hydrogen, 
10 Ci-8 alkyl, 

(CH 2 )n-ary], 
( c H 2 ) n -heteroaryl, 
(C^^-heterocyclyl, 
(CH2) n C3. 6 cycloalkyl, 
15 <CH 2 )nC02R7 

(CH 2 )nCONR7R7 
(CH 2 ) n OR7, 

COC(R7)NH 2 , 
CH 2 CsCH, and 
20 CH 2 CHF 2; 

msubsttated or subsdJl * ^ ^ ^ hMero '* 1 » 

and oxo- 

one to three groups independently selected from R6 

25 

is independent selecled ta H J*^** ««" OR7; and each RS 

<™ H, Cl- S alky], a„ d C3< cyc|08|kyI whtrejn 



30 
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cycloallcyl are optionally substituted with one to three groups independently selected 
from R6 and oxo; or two R8 groups together with the atoms to which they are 
attached form a 5- to 8-membered mono- or bi-cyclic ring system optionally 
containing an additional heteroatom selected from O, S, NR 7 , NBoc, and NCbz. 
5 In a class of this fourth embodiment, X is Ci-6 alkyl, 

(CH2)0-l-heteroaryl, CH2-heterocyclyl, CO2R 8 , CH2OR8, CH2S(O)0-2R 8 , 
NHC(0)R8, CH 2 NR8S0 2 R 8 , CH 2 OC(0)NR8r8, CH2NR8SO2R8, or 
C(0)N(R8)(R8); wherein heteroaryl is optionally substituted with one to three groups 
independently selected from R6; heterocyclyl is optionally substituted with one to 

10 three groups independently selected from R6 and oxo; and each R8 is independently 
selected from H, Ci-8 alkyl, and C3-6 cycloalkyl, wherein alkyl and cycloalkyl are 
optionally substituted with one to three groups independently selected from R6 and 
oxo; or two R8 groups together with the atoms to which they are attached form a 5- to 
8-membered mono- or bi-cyclic ring system optionally containing an additional 

15 heteroatom selected from O, S, NR7, NBoc, and NCbz. 

In a fifth embodiment of compounds of formula I, Y is Ci-8 alkyl, 
(CH2) n C3-7 cycloalkyl, (CH2) n -aryl, (CH2) n -heterocyclyl, or (CH2) n -heteroaryl; 
wherein aryl and heteroaryl are optionally substituted with one to three groups 
independendy selected from R6; and (CH2)n, alkyl, cycloalkyl, and heterocyclyl are 

20 optionally substituted with one to three groups independently selected from R 6 and 
oxo. In a class of this embodiment, Y is cyclohexyl, cycloheptyl, cyclopentyl, or Ci-6 

alkyl, wherein alkyl and cycloalkyl are unsubstituted or substituted with one to three 
groups independently selected from R6 and oxo. In a subclass of this class, Y is 
cyclohexyl or Ci-6 alkyl, wherein the cyclohexyl and alkyl groups are unsubstituted 

25 or substituted with one to three groups independently selected from R6 and oxo. 

In yet a further embodiment of the present invention, there are 
provided compounds of structural formula II: 
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(«) 

wherein m is 1 or 2; 
each n is independently 0, 1, or 2; 
R 2 is hydrogen or methyl; 
5 R3 is hydrogen, fluoro, or hydroxy 

halogen, 
cyano, 
10 Ci^alkyl, 
Cj-4 alkoxy, 
trifluoromethyl, and 
trifluoromethoxy; 

15 R5 is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 
(CH 2 ) n -aryI, 
' (CH2) n -heteroaryI, 
20 ( c H2)n-heterocyclyl, 

(CH2) n C3-6 cycloalkyl, 
(CH 2 ) n C0 2 R7, 
(CH2)nCONR7R7, 
(CH 2 ) n OR7, 
25 COC(R7)NH 2> 

CH 2 Chch, and 
CH 2 CHF 2 ; 
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wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and alkyl, cycloalkyl, and heterocyclyl are 
unsubstituted or substituted with one to three groups independently selected from R.6 
and oxo; 

5 

Y is selected from the group consisting of 
C5-7 cycloalkyl and 
Ci-6 alkyl; 

wherein alkyl and cycloalkyl are unsubstituted or substituted with one to three groups 
10 independently selected from R6 and oxo; and 

X is selected from the group consisting of 



x ir x~ 

o o o 

O CH 3 O ° 

O O O O CH 3 

A^h. Ar* A^ CH3 A N A ( 



v CHa 



CH 3 

H H H H 

X 0 O o 

H 3 n um 3 ^^ N1 _, 2 ^ N > 
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0 

-NHC(0)tBu; -C(0)NHCH(Et) 2 ; -C(0)NHCH 2 tBu; -NhA^ . 
-CH 2 SCH(CH 3 ) 2 ; -CH 2 S(0)CH(CH 3 ) 2 ; -CH 2 S(0) 2 CH(CH 3 ) 2 ; ' 
-C(0)NHCH 2 CH 2N (CH 3 ) 2( . C(0)CH(CH 3 ) 2 ; -CH 2 NHCOtBu; 
-CH 2 OC(0)NMe 2 ; -CH 2 C(0)NEt 2 ; -CH 2 OC(Me) 2 C0 2 H; 
-C(0)NHC(Me) 2 C0 2 Me; -C(0)NHC(Me) 2 C0 2 H; 
-CH 2 N(CH 3 )COtBu; -CH 2 N(iPr)COMe; -CH 2 N(iPr)S0 2 Me; 
C(0)NHC(Me) 2 CH 2 OMe; C(0)NHC(Me) 2 CH 2 OH; :CH 2 CH 2 C(Me) 2 OH; 

o / 0 



N 0 

W 



rJ-O* J X] ID 



*W ^V. t^u 




u 
O 



HaC ^ H 2 C^ H^V HPyv 
U O o / v 



o 6 n 

o 

NMe 
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O 




N-N N-N N-N 




In a class of this embodiment of compounds of formula IT, the carbon 
atom marked with * has the R configuration. 

Representative compounds of the present invention of structural 
formula I having the indicated R stereochemistry at the stereogenic center marked 
with an * and the indicated and stereochemistry at the stereogenic center marked with 
an ** relative to the [2.2.1]-bicycle ring nitrogen are as follows: 
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with an . and «! 7®^ stereochemstry at fte stmogenic center ^ 
e to me l2.2.2]-bicyc]e nng nitrogen are as follows: 
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-x 0 0 H -x 

or a pharmaceutically acceptable salt thereof. 

The compounds of structural formula I are effective as melanocortin 
receptor agomsts and are particularly effective as selective agonists of MC-4R They 
are therefore useful for the treatment and/or prevention of disorders responsive ,o the 
action of MC-4R, such as obesity, diabetes as well as male and/or female sexuL 

d~: in ' CreCti,e dySfUnCti ° n ' ** in -die 

Another aspect of the present invention provides a method for the 
treatment or prevention of obesity or diabetes in a subject in need thereof which 
comprises administering to said subject a therapeutically or prophylactically effective 
amount of a compound of structural formula I. 
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Another aspect of the present invention provides a method for the 
treatment or prevention of male or female sexual dysfunction including erectile 
dysfunction which comprises administering to a subject in need of such treatment or 
prevention a therapeutically or prophylactically effective amount of a compound of 
5 structural formula I. 

Another aspect of the present invention provides a pharmaceutical 
composition comprising a compound of structural formula I and a pharmaceutical^ 
acceptable carrier. 

Yet another aspect of the present invention provides a method for the 
10 treatment or prevention of male or female sexual dysfunction including erectile 

dysfunction which comprises administering to a subject in need of such treatment or 
prevention a therapeutically or prophylactically effective amount of a compound of 
structural formula I in combination with a therapeutically effective amount of another 
agent known to be useful for the treatment of these conditions. 
15 Yet another aspect of the present invention provides a method for the 

treatment or prevention of obesity which comprises administering to a subject in need 
of such treatment or prevention a therapeutically or prophylactically effective amount 
of a compound of structural formula I in combination with a therapeutically effective 
amount of another agent known to be useful for the treatment of this condition. 
20 Throughout the instant application, the following terms have the 

indicated meanings: 

The alkyl groups specified above are intended to include those alkyl 
groups of the designated length in either a straight or branched configuration. 
Exemplary of such alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, 
25 tertiary butyl, pentyl, isopentyl, hexyl, isohexyl, and the like. 

The term f, halogen" is intended to include the halogen atoms fluorine, 
chlorine, bromine and iodine. 

The term "Ci-4 alkyliminoyl" means Ci-3C(=NH)-. 

The term "aryl" includes phenyl and naphthyl. 
30 The term "heteroaryl" includes mono- and bicyclic aromatic rings 

containing from 1 to 4 heteroatoms selected from nitrogen, oxygen and sulfur. "5- or 
6-Membered heteroaryl" represents a monocyclic heteroaromatic ring; examples 
thereof include thiazole, oxazole, thiophene, furan, pyrrole, imidazole, isoxazole, 
pyrazole, triazole, thiadiazole, tetrazole, oxadiazole, pyridine, pyridazine, pyrimidine, 
35 pyrazine, and the like. Bicyclic heteroaromatic rings include, but are not limited to, 
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bt!t M r*' ind °' e ' ^dazde benzisoxazole 

benzodnazo.e, q „„ ltae , benzol, benzoxazole, isoouinoline pffl hT 

10 and the like. ne ' te ™ydn>furan, pjperazine, 

15 .o-on.passa^coX*^ 

» or intensions of one Z Zl ^ dre ingredients, or from other types „ f reactions 

melanocortin leeeptor "antagonist" is mean, a drug or a ceroid !, 

agent Tbe '^l^of^cn^^^^^ 
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measured in the functional assay described below. The functional assay discriminates 
a melanocortin receptor agonist from a melanocortin receptor antagonist. 

By "binding affinity" is meant the ability of a compound/drug to bind 
to its biological target, in the the present instance, the ability of a compound of . 
5 structural formula I to bind to a melanocortin receptor. Binding affinities for the 
compounds of the present invention were measured in the binding assay described 
below and are expressed as ICso's. 

"Efficacy" describes the relative intensity with which agonists vary in 
the response they produce even when they occupy the same number of receptors and 
10 with the same affinity. Efficacy is the property that enables drugs to produce 

responses. Properties of compounds/drugs can be categorized into two groups, those 
which cause them to associate with the receptors (binding affinity) and those that 
produce a stimulus (efficacy). The term "efficacy" is used to characterize the level of 
maximal responses induced by agonists. Not all agonists of a receptor are capable of 
15 inducing identical levels of maximal responses. Maximal response depends on the 
efficiency of receptor coupling, that is, from the cascade of events, which, from the 
binding of the drug to the receptor, leads to the desired biological effect. 

The functional activities expressed as ECso's.and the "agonist 

efficacy" for the compounds of the present invention at a particular concentration 
20 were measured in the functional assay described below. 
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Optical Isomers - Diastereomer s - Geometric T BQ me rs - Tautomgrs 

Compounds of structural formula I contain one or more asymmetric 
centers and can thus occur as racemates and racemic mixtures, single enantiomers 
cuastereomeric mixtures and individual diastereomers. The present invention is meant 
to comprehend all such isomeric forms of the compounds of structural formula I 
Thus, the present invention is meant to encompass the stereoisomers depicted in the 
following structural formulae: 







^ D 5 



wherein the stereochemistry at the stereogenic center marked with 
or S. 



an * can be either R 
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Some of the compounds described herein contain olefinic double 
bonds, and unless specified otherwise, are meant to include both E and Z geometric 
isomers. 

5 Some of the compounds described herein may exist as tautomers such 

as keto-enol tautomers. The individual tautomers as well as mixtures thereof are 
encompassed within the compounds of structural formula I. 

Compounds of structural formula I may be separated into their 
individual diastereoisomers by, for example, fractional crystallization from a suitable 

10 solvent, for example methanol or ethyl acetate or a mixture thereof, or via chiral 

chromatography using an optically active stationary phase. Absolute stereochemistry 
may be determined by X-ray crystallography of crystalline products or crystalline 
intermediates which are derivatized, if necessary, with a reagent containing an 
asymmetric center of known absolute configuration. 

15 Alternatively, any stereoisomer of a compound of the general formula I 

and II may be obtained by stereospecific synthesis using optically pure starting 
materials or reagents of known absolute configuration. 

Salts 

20 The term "pharmaceutical^ acceptable salts" refers to salts prepared 

from pharmaceutical^ acceptable non-toxic bases or acids including inorganic or 
organic bases and inorganic or organic acids. Salts derived from inorganic bases 
include aluminum, ammonium, calcium, copper, ferric, ferrous, lithium, magnesium, 
manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly 

25 preferred are the ammonium, calcium, lithium, magnesium, potassium, and sodium 
salts. Salts derived from pharmaceutically acceptable organic non-toxic bases include 
salts of primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion exchange resins, 
such as arginine, betaine, caffeine, choline, N,N -dibenzylethylenediamine, 

30 diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, 

ethylenediamine, N-ethyl-morpholine, N-ethylpiperidine, glucamine, glucosamine, 
histidine, hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, 
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamine, trimethylamine, tripropylamine, tromethamine, and the like. 
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10 



prepared from pharmaceuhcally acceptable „„„. taic ^ fa * 
^nteacrds. Such acids include aceric, be„_„ic, ^ 
cdnc, emanesulfonic, formic, taanc, iconic, g,^, hydaobromic, hymo £ 
■setae, lace, maleic, mauie, mandehc, n^esulfomc, ^ m ^ * ' 
pamorc, pantothenic, phosphoric, propiomc, succinic, su,func, tartaneT 

icacid tnfluoooacetieacid .and .he lite. Parbcutafy pmfcrmd are 
erurc, fumarrc, hydrohromic, hydrochlodc, maleie, phos^horrc, suhunc, and tartadc 

of Fb™.!. I*'™'* '°" te ' < ' 0d 35 rcfTO '° «* compounds 

ofFcnrnvdalruemeanaoalsoineludemepharmaceudcallyaccep.ahlesal.a. 
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or inability to achieve an orgasm. An increase in erectile dysfunction and sexual 
dysfunction can have numerous underlying causes, including but not limited to (1) 
aging, (b) an underlying physical dysfunction, such as trauma, surgery, and peripheral 
vascular disease, and (3) side-effects resulting from drug treatment, depression, and 
5 other CNS disorders. 

"Female sexual dysfunction" can be seen as resulting from multiple 
components including dysfunction in desire, sexual arousal, sexual receptivity, and 
orgasm related to disturbances in the clitoris, vagina, periurethral glans, and other 
trigger points of sexual function. In particular, anatomic and functional modification 

10 of such trigger points may diminish the orgasmic potential in breast cancer and 

gynecologic cancer patients. Treatment of female sexual dysfunction with an MC-4 
receptor agonist can result in improved blood flow, improved lubrication, improved 
sensation, facilitation of reaching orgasm, reduction in the refractory period between 
orgasms, and improvements in arousal and desire. In a broader sense, "female sexual 

15 dysfunction" also incorporates sexual pain, premature labor, and dysmenorrhea. 

Administration and Dose Ranges 

Any suitable route of administration may be employed for providing a 
mammal, especially a human with an effective dosage of a compound of the present 
20 invention. For example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and 
the like may be employed. Dosage forms include tablets, troches, dispersions, 
suspensions, solutions, capsules, creams, ointments, aerosols, and the like. Preferably 
compounds of Formula I are administered orally or topically. 

The effective dosage of active ingredient employed may vary 
25 depending on the particular compound employed, the mode of administration, the 
. condition being treated and the severity of the condition being treated. Such dosage 
may be ascertained readily by a person skilled in the art. 

When treating obesity, in conjunction with diabetes and/or 
hyperglycemia, or alone, generally satisfactory results are obtained when the 
30 compounds of the present invention are administered at a daily dosage of from about 
0.001 milligram to about 100 milligrams per kilogram of animal body weight, 
preferably given in a single dose or in divided doses two to six times a day, or in 
sustained release form. In the case of a 70 kg adult human, the total daily dose will 
generally be from about 0.07 milligrams to about 3500 milligrams. This dosage 
35 regimen may be adjusted to provide the optimal therapeutic response: 
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When treating diabetes mellitus and/or hyperglycemia as well *c ^ 
Combination Th^ rR p y 

administered, by a route and in an „™ ♦ f ^ ma y be 

y a route and m an amount commonly used therefor 
contemporaneousjy or sequentially with a compound of Formula l' When a 

present mventton include those that also contain one or mor. J 

in addition to acompound of Formula! 0 *er acfvemgredients, 

compoundofFoi^r::^ 

either adnnnistered — 
but axe not lin,^^ 

(a) insulin sensitizers including (i) PPARy agonists such as the 
ghtazones (e.g. troglitazone, pioglitazone, englitazone, MCC-555 BmZZ „ „ 

(n) fcguamdes such as metformin and phenfonnin; ^ 

(b) insulin or insulin mimetics; 

(c) sulfonylureas, such as tolbutamide and glipizide- 

(d) cc-glucosidase inhibitors (such as acarbose), 
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(e) cholesterol lowering agents such as (i) HMG-CoA reductase 
inhibitors (lovastatin, simvastatin, pravastatin, fluvastatin, atorvastatin, and other 
statins), (ii) sequestrants (cholestyramine, colestipol and a dialkylaminoalkyl 
derivatives of a cross-linked dextran), (ii) nicotinyl alcohol nicotinic acid or a salt 
5 thereof, (iii) proliferator-activater receptor a agonists such as fenofibric acid 

derivatives (gemfibrozil, clofibrate, fenofibrate and benzafibrate), (iv) inhibitors of 
cholesterol absorption for example beta-sitosterol and (acyl CoA:cholesterol 
acyltransferase) inhibitors for example melinamide, (v) probucol, (vi) vitamin E, and 
(vii) thyromimetics; 

10 (f) PPAR5 agonists, such as those disclosed in W097/28 149; 

(g) anti-obesity serotonergic agents, such as fenfluramine, 
dexfenfluramine, phentermine, and sibutramine; 

(h) p3-adrenoreceptor agonists; 

(i) pancreatic lipase inhibitors, such as orlistat; 

15 (j) feeding behavior modifying agents, such as neuropeptide Y Yl and 

Y5 antagonists, such as those disclosed in WO 97/19682, WO 97/20820, WO 
97/20821, WO 97/20822 , WO 97/20823, WO 01/14376, and U.S. Patent No. 
6,191,160; 

(k) orexin-1 receptor antagonists; 
20 G) PPARoc agonists such as described in WO 97/36579 by Glaxo; 

(m) PPARy antagonists as described in WO97/10813; 
(n) serotonin reuptake inhibitors such as fluoxetine, paroxetine, and 

sertraline; 

(o) growth hormone secretogogues, such as MK-0677; 
25 . (p) cannabinoid receptor ligands, such as cannabinoid CBi receptor 

antagonists or inverse agonists; and 

(q) protein tyrosine phosphatase- IB (PTP-1B) inhibitors. 
Examples of anti-obesity agents that can be employed in combination 
with a compound of Formula I are disclosed in "Patent focus on new anti-obesity 
30 agents," Exp. Opin. Ther. Patents , 10: 819-831 (2000) and in "Novel anti-obesity 

drugs," Exp. Opin. Invest. Drugs , 9: 1317-1326 (2000). The role of neuropeptide Y in 
obesity is discussed in Exp. Opin. Invest. Drugs . 9: 1327-1346 (2000). Cannabinoid 
receptor ligands are discussed in Exp. Opin. Invest. Drugs , 9: 1553-1571 (2000). 

Examples of other active ingredients that may be combined with a 
35 compound of Formula I for the treatment or prevention of male or female sexual 
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the case of oral solid preparations such as, for example, powders, hard and soft 
capsules and tablets, with the solid oral preparations being preferred over the liquid 
preparations. 

Because of their ease of administration, tablets and capsules represent 
5 the most advantageous oral dosage unit form in which case solid pharmaceutical 
carriers are obviously employed. If desired, tablets may be coated by standard 
aqueous or nonaqueous techniques. Such compositions and preparations should 
contain at least 0.1 percent of active compound. The percentage of active compound 
in these compositions may, of course, be varied and may conveniently be between 

10 about 2 percent to about 60 percent of the weight of the unit. The amount of active 
compound in such therapeutically useful compositions is such that an effective dosage 
will be obtained. The active compounds can also be administered intranasally as, for 
example, liquid drops or spray. 

The tablets, pills, capsules, and the like may also contain a binder such 

15 as gum tragacanth, acacia, corn starch or gelatin; excipients such as dicalcium 
phosphate; a disintegrating agent such as corn starch, potato starch, alginic acid; a 
lubricant such as magnesium stearate; and a sweetening agent such as sucrose, lactose 
or saccharin. When a dosage unit form is a capsule, it may contain, in addition to 
materials of the above type, a liquid carrier such as a fatty oil. 

20 Various other materials may be present as coatings or to modify the 

physical form of the dosage unit. For instance, tablets may be coated with shellac, 
sugar or both. A syrup or elixir may contain, in addition to the active ingredient, 
sucrose as a sweetening agent, methyl and propylparabens as preservatives, a dye and 
a flavoring such as cherry or orange flavor. 

25 Compounds of formula I may also be administered parenterally. 

. Solutions or suspensions of these active compounds can be prepared in water suitably 
mixed with a surfactant such as hydroxy-propylcellulose. Dispersions can also be 
prepared in glycerol, liquid polyethylene glycols and mixtures thereof in oils. Under 
ordinary conditions of storage and use, these preparations contain a preservative to 

30 prevent the growth of microorganisms. 

The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersions. In all cases, the form must 
be sterile and must be fluid to the extent that easy syringability exists. It must be 

35 stable under the conditions of manufacture and storage and must be preserved against 
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*. contaminating acti0 „ of mic^^ such ,, bacteija 

5 

Reparation QfConiBounds offtg hvention 

The compounds of structural formula I of th P mM ♦ • 
prepared according to the procedores of the f„2£ TV " " 
appropriate materials and .re former ex«nnl,f "TTv , PlK ' ° Sing 

Application Publications WO 99/6400? (1 fi TV ^ ! Jntematlo ^l 
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acceptable salts, such as those described previously hereinabove Th, f 
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hydroxide, and potassium hydroxide, andtSon^^bTTn ^ S0 *™ 
25 tatoartorgaoic^fouowedbyevapo^r 2 , J — »-b« 

dtssolunon ,„ m organic solvent followed by addition of*. , * 
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Crinaumeaaotherwiae noted. Mass sperma^MsTwere te mperatures are degrees 
30 ion-mass spectroscopy. s ^ WS) were measured by electron-spray 

DCC.andBOPinaniner.solventsncb;::^::™ 8 ^^-^. 
catalyst such as HOST. The nae of prating Z^L' * <* a 

15 acid mncdonanties to facilitate the desired l^Z^ T" C " ta » fc 

atreo reaction and minimize undesired reactions 
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is well documented. Conditions required to remove protecting groups are found in 
standard textbooks such as Greene, T, and Wuts, P. G. M., Protective Groups in 
Organic Synthesis, John Wiley & Sons, Inc., New York, NY, 1991. CBZ and BOC 
are commonly used protecting groups in organic synthesis, and their removal 
5 conditions are known to those skilled in the art. For example, CBZ may be removed 
by catalytic hydrogenation in the presence of a noble metal or its oxide such as 
palladium on activated carbon in a protic solvent such as methanol or ethanol. In 
cases where catalytic hydrogenation is contraindicated due to the presence of other 
potentially reactive functionalities, removal of CBZ groups can also be achieved by 
10 treatment with a solution of hydrogen bromide in acetic acid or by treatment with a 
mixture of TFA and dimethylsulfide. Removal of BOC protecting groups is carried 
out with a strong acid, such as trifluoroacetic acid, hydrochloric acid, or hydrogen 
chloride gas, in a solvent such as methylene chloride, methanol, or ethyl acetate. 

15 Abbreviations Used in the Description of the Preparation of the Compounds of the 
Present Invention: 



BOC (boc) 
BOP 



t-butyloxycarbonyl 

benzotriazoH-yloxytris(dimethylamino)phosphonium 

hexafluorophosphate 

butyl 

calculated 

benzyloxycarbonyl 

cyclohexyl 

cyclopentyl 

cyclopropyl 

diethyl azodicarboxylate 
diisopropylethylamine 
4-dimethylaminopyridine 
N,N-dimethylformamide 

l-(3-dimethylaminopropyl)3"ethylcarbodiimideHCl 
equivalents) 

electron spray ion-mass spectroscopy 
ethyl 

ethyl acetate 



Bu 



calc. 



CBZ (Cbz) 
c-hex 



c-pen 



c-pro 

DEAD 

DIEA 

DMAP 

DMF 



EDC 



eq. 

ES-MS 



Et 



EtOAc 
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HATU ^^nzotri^ 

hexafluorophosphate 

HO At l-hydroxy-7-azabenzotriazole 

HOBt 1-hydroxybenzotriazole hydrate 

HPLC high performance liquid chromatography 

LDA lithium diisopropylamide 

MC-xR melanocortin receptor (x being a number) 

Me methyl 

molecular formula 
MS mass spectrum 

Ms methanesulfonyl 
0Tf trifluoromethanesulfonyl 
phenyl 



Ph 



Phe phenylalanine 
Pr propyl 
P re P- prepared 

PyBrop bromo-tris-pyrrolidino-phosphonium 

hexafluorophosphate 
r,t - room temperature 

TFA trifluoroacetic acid 

tetrahydrofuran 
TLC thin-layer chromatography. 

Reacti °« Schemes A andBm^^^ 
sy.thes.sof the compounds of the p reS ent invention of structural foL a I M 
subshtuents are as defined above unless indicated otherwise. 

Reaction Scheme A illustrates a key step in the synthesis of the novel 
mpounds of ^^I**^,^ * Ma J? 
Scheme A tine reactxon of a 4-substituted piperidine of general formu,a 1 with an 
aimno aad denvatwe of general formula 2 followed by removal of the amine 

general formu,a 4 to afford a protected dipeptide of genera, formula 5. lie ^e 
bondcouphngreactionsillustratedin reaction SchemeAare conducted in an 



-41- 



WO 03/007949 



PCT/US02/22258 



appropriate inert solvent such as dimethylformamide (DMF), methylene chloride or 
the like and may be performed with a variety of reagents suitable for amide coupling 
reactions such as 0-(7-azabenzotriazol-l-yl)-l,l,3,3-tetramethyluronium 
hexafluorophosphate (HATU), l-(3-dimethylaminopropyl)-3-ethylcarbodiiiiiide 
5 hydrochloride (EDC) or benzotriazol-l-yloxytripyrrolidinephosphonium 

hexafluorophosphate (PyBOP). Preferred conditions for the amide bond coupling 
reactions shown in reaction Scheme A are known to those skilled in organic synthesis. 
Such modifications may include, but are not limited to, the use of basic reagents such 
as triethylamine (TEA) or iV-methylmorpholine (NMM), or the addition of an additive 

10 such as l-hydroxy-7-azabenzotriazole (HO At) or 1-hydroxybenzotriazole (HOBt). 
Alternatively, 4-substituted piperidines of formula 1 may be treated with an active 
ester or acid chloride derived from carboxylic acid 2 or 4 which also affords 
compounds of structural formula I. The amide bond couplings shown in reaction 
Scheme A are usually conducted at temperatures between 0°C and room temperature, 

15 occasionally at elevated temperatures, and the coupling reactions are typically 
conducted for periods of 1 to 24 hours. 

If it is desired to produce a compound of structural formula I wherein 
R5 is a hydrogen, the N-BOC or iV-Cbz protected analogs of structural formula I may 
be used in the synthesis and either Boc-deprotected under acidic conditions, for 

20 instance using trifluoroacetic acid in a solvent like methylene chloride or hydrogen 
chloride in a solvent such as ethyl acetate at room temperature, or Cbz-deprotected by 
catalytic hydrogenation. 

When it is desired to prepare compounds of structural formula I 
wherein R5 is not a hydrogen, the compounds of general formula I (R5 = H) may be 

25 further modified using the methodology described below in reaction Scheme B. 

Scheme A 




-42- 



WO 03/007949 



PCT/US02/22258 




10 



15 



20 



compound of structural formula I is fim de„ r „w,„H 7 

acidmdich]o,omahane,„rtheN-Cbr™™„, a mttorus " 1 S ta '>»O'0acetic 

' ^"cdonisacWovedbyinitialformatiou^,,. * PMner ®' ^c ccducove 
(R5 = H) aud either an iehydc uTuIo .7 T^*"" " fM ™ bI 

compound 7 is a good leaving grouo such ao k r. ' substltue * Z of 
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Scheme B 




(I) (R 5 = Boc or Cbz) 




(I) 

Preparation of N-Protected Bridged Piperidines of General Formula 4: 

The N-protected bridged piperidine intermediates of general formula 4 
5 for coupling with a peptide of general formula 3 as in Scheme A can be obtained from 
commercial sources or can be prepared following procedures described in the 
published chemical literature or modifications thereof that are in the purview of one 
of ordinary skill in the art of synthetic organic chemistry. 

10 Preparation of 4-Substituted Piperidine Intermediates General Formula 1: 
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struct I in sT P Tf' m aUaxamd VV^ taediatts of general 



PIPERJDINE INTERMEDIATE 




CHO 




I-ammo-l-cyclopentanenaethanoKl.Og.seSmmon Aft « ( } ^ 

residue was dissolved in acetic acid (70 m n „ a u j tonc entrated. The 

separated, and the aoueotts layer e inacted ^ c,™ ™f a. *e to layen 
extracts we* washed with orine, dried over MeSO »d 

eon.pouodasacolorlesaoil (2 f g) '^^^^ toSvethedUe 
MS: calcfor Pa**** 394 .3; Foood: 395 <M +I ), 4!7 (M+Na). 
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PIPERIDINE INTERMEDIATE 2: 



Boc 




To a solution of Intermediate 1 (2.1 g, 5.33 mmol) in CH 2 C1 2 (70 ml) 



5 at 0° was added DMAP (0.65 g, 5.33 mmol), DIEA (3.76 ml, 21.3 mmol) followed by 
slow addition of phosgene (4.1 ml, 8.0 mmol). After stirring the reaction mixture for 
one hour at 0°C, the ice-water bath was removed and the reaction mixture was 
continued to stir at room temperature overnight. The mixture was diluted with 
CH 2 C1 2 , washed with water and brine, dried over MgS0 4 and concentrated to give 
10 crude product, which was purified by column chromatography on silica gel (2% 
EtOAc/CH 2 Cl 2 to 5% EtOAc /CH 2 C1 2 ) to give the title compound as a white solid 
(L2 g). 

MS: calc.forC24H40N2O4: 420.3; Found: (M+l), (M+Na). 
15 PIPERIDINE INTERMEDIATE 3: 



H*HCI 




To the Intermediate 2 (1.2 g) was added hydrogen chloride (4.0 M in 
dioxane). The reaction mixture was stirred at room temperature for 30 minutes and 
the solvent was removed in vacuo to afford the title compound (1.2 g). 
20 MS: calc.for C19H32N2O2: 320.3; Found: 321.1 (M+H). 



-46- 



WO 03/0079-19 



PCT/US02/22258 



PIPERIDINE INTERMEDIATE 4: 




Intermediate 4 was prepared from (S)-(+)-2-amino-l-propano] in an 
analogous ; manner to the one described for the preparation of Intermediate 1 
5 MS: calcfor C20H38N2O3: 354; Found: 355 (M+H) 



15 



PIPERIDINE INTERMEDIATE 5: 



Boc 




Intermechate 5 was prepared from Intermediate 4 in an analogous 
10 manner to the one described for the preparation of Intermediate 2 
MS: calc. for C21H36N2O4: 380.3; Found: 381 (M+H). 



PIPERIDINE INTERMEDIATE 6: 



H'HCI 




Intermediate 6 was prepared from Intermediate 5 in an analogous 
manner to the one described for the preparation of Intermediate 3. 
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MS: calc. for C16H28N2O2: 280.3; Found: 281 (M+H). 



PIPERIDINE INTERMEDIATE 7: 



HOOC^NH 2 



1.) BF 3 «THF 



NH 2 -AcOH 



5 



2. ) CH3OH 

3. )CH 3 COOH 



To a suspension of 1-aminocyclopropane-l-carboxylic acid (2.8 g, 27.7 



mmol) in THF (20 ml) was added borane-tetrahydrofuran complex (100 ml, 100 
mmol) slowly under nitrogen at room temperature. The reaction mixture was stirred 
at 70°C overnight, then cooled to 0°C. After addition of methanol (12.2 ml, 300 
10 mmol), the mixture was allowed to stir for 30 minutes. Then acetic acid (1.6 ml, 27.7 
mmol) was added. The reaction mixture was concentrated to provide the title 
compound as a colorless oil (3.0 g). 

PIPERIDINE INTERMEDIATE 8: 



Intermediate 8 was prepared from Intermediate 7 in an analogous 
manner to the one described for the preparation of Intermediate 1 . 
MS: calc. for C21H38N2O3: 366.3; Found: 367 (M+H). 



Boc 



1 



15 
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PIPERIDINE INTERMEDIATE 9: 



10 



15 




fl , n<> 7^ SOlUti ° n 8 (0-8 8. 2-18 mmol) in CH 2 C1 2 (40 ml) 

column chromatography on silica gel (10% CH 2 Cl2/EtOAc) to give the title 

compound as a colorless oil (0.13 g). 

ESI-MS: calc. for C22H36N2O4: 392; Found: 393 (M+l). 

PIPERIDINE INTERMEDIATE 10: 




Intermechate 10 was prepared from Intermediate 9 in an analogous 
mannerto^ logons 

MS: calc. for Ci 7 H 28 N 2 02: 292.2; Found: 293 (M+H) 
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PDPEMDINE INTERMEDIATE 1 1 : 




To a solution of the alcohol (9.41 g, 31.6 mmol) in CH 2 C1 2 (100 ml) at 
5 0°C containing molecular sieves (2 g) and 4-methylmorpholine N-oxide (NMMO) 
(4.449 g, 37.98 mmol) was added TPAP (1.12 g, 3.16 mmol). After stirring the 
reaction mixture at 0°C for 0.5h, the reaction mixture was warmed to room 
temperature and stirred further for 5 hrs. The reaction mixture was concentrated to 
half the volume, diluted with hexane (250 ml), filtered through a silica gel pad and 
10 concentrated to give pure title compound (9.4 g). 



PDPERIDINE INTERMEDIATE 12: 




(1) Toluene/AcOH 
H 2 N^C°H 

(2) PtOg/AcOH/Ha 




To a solution of the aldehyde (2 g, 6.7 mmol) in toluene (50 ml) was 
15 added acetic acid (500 |xl). After stirring the reaction mixture at reflux temperature 
using Dean Stark apparatus for 8 hrs, the mixture was concentrated and dissolved in 
acetic acid (30 ml). To the mixture was added Pt0 2 (500 mg) which was stirred under 
an atmosphere of H 2 overnight. The rection mixture was flushed with nitrogen, 
filtered and concentrated to give the title compound (2 g). 
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PIPERIDINE INTERMEDIATE 13: 



10 





Phosgene/DIEA/DMAP 

CH2CI2 



nor • • ^ S ° 1Uti0n0fAe ™ 0 ^ 

0 C ™ g D1EA (6.98 g, 53.9 mmol), DMAP (1.64 g, 13.47 mmol) was added 
slowly a toluene solution of phosgene (1.93M, 10.47 ml, 20.21 mmol). After stein* 

strrred further for 2 hrs. The reaction mixture was diluted with CH 2 C1 2( washed 
wrth water, bnne, dried and concentrated. The residue was purified by column 
chromatography over silica gel (5% EtOAc/CH 2 Cl 2 ) to give pure product (3 95 g) 



PIPERIDINE INTERMEDIATE 14: 




EtOAc/HCI 



CH 2 CI 2 



H-HCI 




15 



To a solution of Intermediate 13 (3.95 g) in CH 2 C1 2 was added 5 ml of 

atroom temperature, the solvent was removed and the residue ,y 0phiIized ^a 
benzene/methanol solution to afford the title compound (3 85 g ) 
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PIPERIDINE INTERMEDIATE 15: 




5 To a suspension of the alcohol (29 g, 97.5 mmol), 4- 

methylmorpholine-N-oxide (15.8 g, 134.6 mmol), and molecular sieves (15.0 gm) in 
DCM (500 mL) was added tetrapropylammonium perruthenate (TPAP, 1.03 g, 2.92 
mmol) portionwise at room temperature. The mixture was stirred at room 
temperature for 30 min and TLC showed the reaction was completed. The mixture 

10 was filtered through a pad of silica gel, washed with DCM and 2:1 hexane/EtOAc. 
The mixture was then concentrated to give the aldehyde as a light yellow oil (28.5 g, 
99%). 




15 to a solution of methyl diethylphosphonoacetate (24.8 g, 1 17.8 mmol) 

in THF (400 mL) was add IDA (2.0 N, 58.9 mL, 117.8 mmol) at 0°C. After 30 min, 
a solution of the aldehyde from the previous step (28.5 g, 98.2 mmol) in THF (100 
mL) was added, and the mixture was stirred at room temperature for two days and was 
then brought to reflux temperature overnight. The solvent was removed by rotary 

20 evaporation. The mixture was quenched with saturated NH4CI and extracted with 
EtOAc. The combined organic layers were washed with brine, dried, filtered, 
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concentrated, and purified by medium pressure-liquid chromatography to give the 
unsaturated ester (31.3 g, 90.7%). 





Toasolutionoftheunsa ^tedester(20g,56.9n ra ol)inMeOH(200 

l JZ m atm ° SPhere (5 ° ^ 0Ven,ight ^ ** d Was filte «* and washed 
with MeOH, and solvents were removed to give the product (19.3 g, 96%). 




MeLi 



OMe 




M mt-, TOaSOlUtiOnOf * eeSter(2 - 9 & 8 - 2 ^indr y raF(100mL)was 
addedMeLi(1.4NinTHF,29.3mL > 410mmonat 78°r Th! • WmLjWas 
at 7S°r fnr <* k ^ , , ' U mmol - ) at " 78 C - The mixture was stirred 
at -78 Cfor3hand quenched with HC1 (4.0 N in dioxane, 10.0 mL). Resolvent 
was removed and the residue was washed with ether. Tta ether solution was 
concentrated to give the product (2.85 g, 98%) as an oil. 



-53- 



WO 03/007949 



PCT/US02/22258 




To a solution of HC1 in dioxane (4 N, 14.1 mL, 56.6 mmol) was added 
the N-Boc-protected alcohol (2.0 g, 5.66 mmol) at room temperature. The mixture 
5 was stirred for 1 h and then the solution was evaporated to give Intermediate 15 (1.34 
g, 81.7%) as a white solid. 

PIPERIDINE INTERMEDIATE 16: 



10 




A dry flask was charged with NaH (60% in oil, 960 mg, 24 mmol) and 
anhydrous THF (40 mL). Added the alcohol starting material (5.95 g, 20 mmol) in 
dry THF (20 ml) through a two-ended needle under nitrogen atmosphere. Stirred at 
room temperature for about 60 min or until bubbling ceased, then added ethyl 2- 

15 bromoisopropionate (3.12 ml, 24 mmol). The mixture was stirred at room 

temperature overnight under nitrogen atmosphere. Quenched the reaction by adding 
the reaction mixture in portions to EtOAc (200 ml)/ice water (50 ml) with stirring. 
Transferred the mixture to a separatory funnel and added IN HC1 (30 ml). Extracted 
the aqueous solution with EtOAc (3X 150 ml). Combined the organic phases which 

20 were dried oyer MgS0 4 . Concentrated in vacuo and purified by flash column 

chromatography on silica gel using 20% EtOAc in hexane as eluent to give the desired 
product (1.0 g, 13%). LC-MS: M+l = 398.5. 
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10 



15 



TY 

!j ' 1. LDA, Mel, THF, 

-78°C 

.0^/C0 2 Et 2 .4NHCI/diox"^ 




To the stirred solution of the Boc-derivative (1 0 e 2 S m™n ■ a 
THF (50ml) was added LDA (1.5 M in cyclohexane 2 0 2 \ ^ " % 
-78 C. The mixture was stirred at -78°C for 30 min, then Mel (784 ul n 

Fto a oaa ix /• 8 me reac »on mixture m portions to 

(2 °° Water < 50 «*) with stirring. Transfer the mixture to a 

separatory funnel and added IN HCI no m n p ^ , . 
EtOAcf3Xl50 m n r T Exfrac ^ the aqueous solution with 

Cn , °' ^ ° rganiC Phases ^ ^ed over M»S0 4 

S^:sr" etato - ethe ^p---th ickoil g (681 , 

, HNMR(400MHz > CDCl 3 ):5413r o J-79 ?m a ^ 

ml) Stirred ^ >1Ssolved 1,16 aoove resulting compound in 4N HCI in dioxane (20 
ml). Stirred at room temperature for about 60 min Evaooraterf t n h 
Intermediate 16 as a white solid (541 mg, wZ uT^ ^^ 
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PIPERIDINE INTERMEDIATE 17: 




5 To the stirred solution of N-Cbz-4-cyclohexyl-piperidine-4-carboxylic 

acid (1.0 g, 2.9 mmol) in DCM (20 ml) was added oxalyl chloride (2.0M in DCM, 1.6 
ml, 3.19 mmol) dropwise. Then added 3 drops of DMF. Stirred at room temperature 
for 1 hour and then evaporated to give the desired product. The crude mixture was 
used in the next step without further purification. 

10 To the stirred solution of the acid chloride (2.9 mmol) in 1,2- 

dichloroethane (30 ml) was added a-methylalanine methyl ester (446 mg, 2.9 mmol) 
and DIEA (1.01 ml, 5.8 mmol). Stirred at 75°C for 1 hour, and then at 60°C 
overnight Cooled to room temperature and diluted the mixture with DCM. Washed 
with IN HC1, satd. NaHC0 3 and then satd. NaCl. Dried over Na 2 S0 4 and 

15 concentrated in vacuo to give the crude desired product (1.2 g). LC-MS: 445 (M+l). 

Dissolved intermediate from previous step (1 .2g, 2.7 mmol) in ethanol 
(50 ml). Added Pd-C (10%, 200 mg) and stirred at room temperature in the presence 
of hydrogen gas for two hours. Filtered off the catalyst, and concentrated in vacuo to 
give Intermediate 17 (663 mg). LC-MS: 312 (M+l). 

20 

PIPERIDINE INTERMEDIATE 18: 

O OH 
NaBH A fc 

jQ TBSf X) 

To a solution of the enone (6 mmol, 0.7 mL) in MeOH (20 mL) at 0°C 
25 was added NaBHU (3 mmol, 113 mg). The reaction was stirred at room temp for lhr. 
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10 



Volatile* were removed and the residue partitioned between CH 2 C1 2 and 0.5M HC1 

whir r dried over Mgs ° 4 and concentrated to «*■■ a «*« oil 

which was used m the next step without further purification. 




OH Boc 




EDC, DMAP, 
CH 2 CI 2 




A solution of the acid (6 mmol, 1.38 g), EDC (12 mmol, 2 3 g) DMAP 

w«h 0.5M HC1, 1M NaOH, H 2 0 and brine, dried over Na 2 S0 4 and concentrated 
Chromatography over silica gel eluting with 500 mL of 5-10% EtOAc/hexane 
attorded a clear colorless oil (1.9 g). 



15 



20 




C0 2 H 



mL) at 78°r ^ T W * ^ ^ 22 **> in ™F (W 

mL at 78 Cwas added the ester from the previous step (3.98 mmol, 1.3 g) in THE (2 
flowed 30m 1 n later bylMSCl(4.38 

allowed to warm to room temperature and then heated at reflux for 16hr After 

Resultant solufcon was partitioned between Et 2 0 (40 mL) and 2MHC1. The o"! 

phasewaswashedwimH 2 dandbnne,dnedoverNa 2S 0 4 andconcentrated 
Chromatography over silica eluting with 20-30% EtOAc/hexane afforded the desired 
acid as an off-white solid (653 mg). 
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Boc Boc 




To a solution of the acid from the previous step (1.46 mmol, 474 mg) 
in CH 2 C1 2 (5 mL) at 0°C was added oxalyl chloride (2M in CH 2 C] 2 ) (1.61 mmol, 0.81 
mL) and DMF (0.05 mL) and the reaction stirred at 0°C for lhr. Volatiles were 
5 removed, azeotroping with toluene and finally under high vacuum for 3hr to afford the 
acid chloride. The acid chloride was dissolved in t-butylamine (5 mL) and the 
resultant cloudy solution was stirred at room temperature overnight. The reaction 
mixture was concentrated to afford a yellow solid. Chromatography over silica gel 
eluting with 50 mL of 5% then 100 mL of 10-20% EtOAc/hexane afforded the desired 
10 tert-butyl amide as a white solid (282 mg). 



Boc H.HCI 

A suspension of Pd (10% on activated charcoal) (10 mol%, 79 mg) in a 
solution of the N-Boc derivative from the previous step (0.75 mmol, 282 mg) in 
15 MeOH containing 4M HC1 (4M in dioxane) (1 .5 mmol, 0.37 mL) was shaken under 
45 psi of hydrogen gas for 60 hours. After work-up, the hydrochloride salt was used 
without further purification in the peptide coupling reaction. 
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PIPERIDINE INTERMEDIATE 19: 



10 




-OH 
— >- 




15 



20 



To a solution of the acid (10 romol 2 29 e) in PR ri r ^ 

««M*t ^ was ponced intoBOAc (200 X 

successively with 0.5M HQ, 1M NaOH, H 2 0 and brine, dried over NaiSOi and 




TMSCI 




C0 2 H 



was anowed to wann to room temp and hLdaCC^t ^ ' T" 
washed with H 2 0 and brine dried over Na * ^ W3S 



-59- 



WO 03/007949 



PCT/US02/22258 




To a solution of the acid from the previous step (4.14 mmol, 1.23 g) in 
CH 2 C1 2 (10 mL) at 0°C was added oxalyl chloride (2M in CH 2 C1 2 ) (4.55 mmol, 2.27 
mL) and DMF (0.15 mL) and the reaction stirred at 0°C for lhr. Volatiles were 
5 removed, azeotroping with toluene and finally under high vacuum for 3hr to afford the 
acid chloride. The acid chloride was dissolved in t-butylamine (10 mL) and the 
resultant cloudy solution was left to stir at room temperature overnight. The reaction 
mixture was concentrated and partitioned between CH 2 C1 2 and 2M HC1. Organics 
were dried over Na 2 S0 4 and concentrated. Chromatography over silica gel eluting 

10 with 10-30% EtOAc/hexane afforded a white solid (1 .07 g). 

A suspension of Pd (10% on activated charcoal) (10 mol%, 322 mg) in 
a solution of the compound from the previous step (3.03 mmol, 1.07 g) in MeOH (60 
mL) containing 4M HC1 in dioxane (6.06 mmol, 1.5 mL) was shaken under 45 psi of 
hydrogen gas for 5hr. Reaction was filtered through a short pad of celite and 

15 concentrated. Residue was dissolved in EtOAc (20 mL) and HC1 (4M in dioxane) (20 
mL). Resultant solution was left to stir at room temp for lhr. Volatiles were removed 
and the residue precipitated from a CH 2 C1 2 solution with Et 2 0/hexane to afford 
Intermediate 19 as a white solid. 

20 PIPERIDINE INTERMEDIATE 20: 



Boc Boc 
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-'0-C was "! ^ °" " m01 ' 159 * * *» CH « 00 ml) . 

-0 C was added 3,5-dmiethylpyrazofe (15.8 mmol, 1.52 mg) in one nonta, Th, 

tesuhan, Nation was sta d a. -20-C for 15mi„ befom to 

cyclohexene intennediate (0.79 mmol, 289 nag) in CftCfe (2.5 mL) over 3min rae 

nan m^ was waanaed ,o -15'C and sttoed for a tah er 3 hr 5N NaOIT (5 7 

^„U0.3nn.)w,addod a ndd,= = m »,s 1 on s d rre da t 0«Cfo r l hrt „Z° 
overnight Aqueous phase was exacted with CH 2 C1 2 , and .he combined organics 
were washed wit), IN HC1, water, sard NaHCO, and odne, dned over NaSTI 

10% EtOAc/hexane afforded the cydohexenone as a white sohd (135 mg) 




1-Hj, 10%Pd/c, 
MeOH 



2. OAST, C^Cfe 
3- TFA, CH 2 CI 2 




A suspension of Pd (10% on activated charcoal) (20 mol% 76 msl in a 
action of .he cyCohexenon. (0.36 mmo,, 135 mg) in MeOH was £££££ ' 
p. of hydrogen gas for 60hr. The reaction mixnsm was mtered through a 

^^concentiatedteafforfactocotaWs^ OnonaalogrnptyoS 
fluting Wh 50 mL of 0, 2.5, 5. ,0, and 20% MeaCO/CW, 5™ 
oyclohexanone as a white solid (111 nag). a -rroraea tne 

To a solution of the cyolohexanone (0.29 mmol, 111m.) in CH,CI 

z™%rr? <o - 73 ™>- 01 r ~-» 

was Jett to stir at room temp for 24 hours R^An^v 

^.o^^wLwaahed^j^rsrrr^ 

rT!t d ^' m " na,0EraPhy ^ Si,iCa ge ' etei "8 ™> '«0% EtiDAc/hexane 
afforded the d.flncuooyclohexane intennediate as a white sohd (84 mg) 

, AS ° W °" 0f,hedifl »°™yolotaxaneinte m ediate(rom.hep re vions 
^ .2 mmo,, 80 mg) in CH^ and TFA was stined a, room temp for * 

olc a^^^^^^NaOHandEtOAc 
Organ* phase was oned over Na !SOl and concentrated to give mtermediate 20 
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PIPERIDINE INTERMEDIATE 21 : 




5 To a suspension of Reike Mg (5 g/200 mL THF) (6 mmol, 6 mL) at 

0°C was added a solution of 4-methyl-l-bromocyclohexane (4 mmol, 708 mg) in THF 
(4 mL) over a period of about 5min. The resultant slurry was stirred at room temp for 
5 min then cooled to -20°C. A solution of the Cbz-piperidine derivative (1 mmol, 
276 mg) in THF (10 mL) was then added. The reaction was stirred at -20°C for 15min 

10 then poured into ice-cold 50% H 2 S0 4 (25 mL) and stilted for a further 30min.The 
emulsion was poured into H 2 0 (100 mL) and extracted with CH 2 C1 2 (2x25mL). The 
combined organic phases were dried over Na 2 S0 4 and concentrated to afford a green 
oil. To a solution of this oil in DMSO (2 mL) was added NaN0 2 (3 mmol, 207 mg) 
and AcOH (10 mmol, 0.6 mL). The resultant orange solution was stirred at 40°C for 

15 24 hr. After cooling to room temperature, IN HC1 (2.5 mL) was added and stirring 
continued for a further 15min. The mixture was extracted with CH 2 C1 2 (3x5mL). The 
combined organic layers were dried over Na 2 S0 4 and concentrated. Chromatography 
over silica gel eluting with 100 mL of 10% and 50 mL of 20-30% EtOAc/hexane 
afforded the desired acid as an off-white solid (100 mg). 
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CO,H 




Toasolutionoftheacid^mmol, 151 mg) in CH 2 C1 2 (2.5 mL) at 
0 C was added oxalyl chloride (2M in CH 2 C1 2 ) (0.46 mmol, 0.23 mL) and DMF (4 
drops) and the reaction stirred at 0°C for Ihr. Volatiles were removed, azeotropin* 
5 wrth toluene and finally under high vacuum for 3hr to afford the acid chloride The 
ac ld chloride was dissolved in CH 2 C1 2 (2.5 mL) and cooled to 0°C. t-Butylamine 
(1.26 mmol, 0.13 mL) was added and the resultant cloudy solution was left to stir at 
room temperature overnight. The reaction mixture was poured into CH 2 C1 2 (ca 3 mL) 
andwashedwithbrine,drie<ioverNa 2 S0 4 andconcentrat e d. Chromatography over 
10 sihca gel eluting with 250 mL of 20, 25, 30, and 40% EtOAc/hexane afforded the 
Cbz-protected t-butyl amide as a white foam (174 mg). A mixture of the Un- 
protected t-butyl amide (0.1 mmol, 174 mg) and catalytic Pd (10% on activated C) (20 
mg) m methanol was stirred under an atmosphere of hydrogen gas at room temp for 1 
hr. The solution was filtered through a short pad of celite and concentrated to give 
15 Intermediate 21. 



PIPERIDINE INTERMEDIATE 22: 



20 





m •„ „™ As ° ,UtiOnof * e ™ e ( 400ra & 1 -42mmol),cyclopropyIsu^ 
chloride (600 mg, 4.26 mmol), DIEA (1.47 g, 1 1.36 mmol) and DMAP (100 mg 0 8 
mmol) in toluene (50 mL) was heated to reflux overnight A solution of NaOH (5N 
10 mL) was added and allowed the reaction to reflux for an additional 4h The ' 
reaction nuxture was cooled to rt and diluted with EtOAc (200 mL). The combined 
orgamcs were washed with 0.5N HC1, satd NaHC0 3) and brine, dried over Na 2 S0 4 
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and concentrated. Chromatography over silica gel eluting with 50 mL of 10, 20, 15, 
25, 40, and 50% EtOAc/hexane afforded the Boc-protected intermediate as a white 
solid (615 mg). A solution of this intermediate in CH2CI2 (4mL) and HC1 (4M in 
dioxane) (4 mL) was stirred at room temp for lhr. Volatiles were removed and the 
5 product precipitated from a CH2CI2 solution with Et 2 0/hexane to give Intermediate 22 
(615 mg). 

PIPERIDINE INTERMEDIATE 23: 



Boc Boc 




To a solution of the ester (2.36 g, 9.17 mmol) in THF (50 mL) at -78°C 
was added IDA (1.5M in THF) (6.72 mL, 10.09 mmol) and followed 45min later by 
cyclopropylmethyl bromide (1.49 g, 11.0 mmol) in THF (10 mL). Resultant solution 
was allowed to warm to room temp overnight. Resultant solution was quenched with 
15 sat. NH4CI and partitioned between EtOAc (40 mL) and 0.5M HC1. The organic 
phase was washed with H2O and brine, dried over Na2S04 and concentrated. 
Chromatography over silica gel eluting with 5% EtOAc/hexane afforded the alkylated 
product (2.76 g). 



Boc H 




A solution of intermediate from the previous step (2.76 g, 8.86 mmol) 
and LiOH (1.1 g, 44.3 mmol) in MeOH/H 2 0 (70 mL) was heated to reflux overnight. 
More MeOH was added to the reaction mixture to make the solution homogeneous. 
The reaction mixture was concentrated to about 10 mL and acidified with 2N HC1 to 
25 pH about 2. The aqueous solution was extracted with EtOAc (3x100 mL). The 
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organic* were washed successively with H 2 0 and brine, dried over Na 2 S0 4 and 
concentrated. Chromatography over silica gel eluting with 20-70% EtOAc/hexane 
afforded the Boc-protected acid as a white solid (1.69 g). To a solution of the acid 
(2.5 g, 8.82 mmol) in CH 2 C1 2 (5 mL) at 0°C was added oxalyl chloride (2M in 
CH 2 C1 2 ) (4.85 mL, 9.70 mmol) and DMF (0.05 mL) and the reaction stirred at 0°C for 
lhr Volatile* were removed, azeotroping with toluene and finally under high vacuum 
for 3hr to afford the acid chloride. The acid chloride was dissolved in t-butylamine 
(2-8 mL), and the resultant cloudy solution was left to stir at room temp overnight 
The reaction mixture was concentrated and partitioned between CH 2 C1 2 and 2M HC1 
Organics were dried over Na 2 S0 4 and concentrated. A solution of the Boc-protected' 
am.de in CH 2 C1 2 (4 mL) and 4.0 M HCl/dioxane (4 mL) was stirred at room temp for 
lhr. Volatiles were removed and Intermediate 23 was precipitated from a CH 2 C1 2 
solution with Et 2 0/hexane (1 .9 g). 

PIPERIDINE INTERMEDIATE 24: 





C0 2 Et 



This intermediate was prepared in the same manner as Intermediate 23 
but using cyclobutyhnethyl bromide in place of cyclopropylmethyl bromide in the 
alkylation step. 

PIPERIDINE INTERMEDIATE 25: 




C0 2 H 
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To a solution of the acid (600 mg, 2.117 mmol) in THF (5 mL) at 0°C 
was added BH 3 .Me 2 S (10 M in THF) (0.85 mL, 8.47 mmol) and the solution was left 

to stir at room temperature for 3h. The reaction mixture was then cooled to 0°C, and 
H 2 0 2 (30% aqueous, 2.5 mL) was added dropwise and then 1M NaOH (10 mL). The 
5 resultant solution was stirred for 10 min at 0°C and then a further 30 min at rt. The 
reaction mixture was poured into EtOAc (100 mL), and washed successively with 
water, sat. NH4CI, saturated NaHC0 3 , and brine, dried over Na 2 S0 4 and concentrated. 
Chromatography over silica gel eluting with 40% EtOAc/hexane afforded the alcohol 
intermediate (611 mg). To a solution of the alcohol (611 mg, 2.268 mmol) and Et 3 N 

10 , (0.63 mL, 4.5 mmol) in CH 2 C1 2 (5 mL) at 0°C was added methanesulfonyl chloride 
(10 M in THF) (0.35 mL, 4.53 mmol) at 0°C and the solution was left to stir at room 
temp 45 min. The reaction was concentrated and was poured into water (100 mL), and 
extracted with EtOAc (3x100 mL). The organics were dried over Na 2 S04 and 
concentrated. Chromatography over silica gel eluting with 5-30% EtOAc/hexane 

15 afforded the mesylate as a solid. To a solution of the mesylate (596 mg, 1.7 mmol) in 
DMF (5 mL) at rt was added sodium isopropylsulfide (842 mg, 8.57 mmol) and the 
solution was left to stir at room temp overnight. The reaction was concentrated and 
was poured into water (100 mL), and extracted with EtOAc (3x100 mL). The organics 
were dried over Na 2 S0 4 and concentrated. Chromatography over silica gel eluting 

20 with 5-30% EtOAc/hexane afforded a solid. A solution of the Boc-protected 
isopropyl sulfide in CH 2 C1 2 (4 mL) and 4.0 M HCl/dioxane (4 mL) was stirred at 
room temp for lhr. Volatiles were removed and Intermediate 25 was precipitated from 
a CH 2 C1 2 solution with Et 2 0/hexane (400 mg). 

25 PBPERIDINE INTERMEDIATE 26: 




To a solution of the amino alcohol (177 mg, 0.48 mmol), NaOH (192 
mg, 4.8 mmol) in CHC1 3 (5 mL) and water (2 mL) at 0°C was added dropwise a 
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solution of BrCH 2 COBr (263 mg, 1.3 mmol) in CHC1 3 (1 rnL) over a period of 5 
mm., and the solution was left to stir at 0°C for Ih and then at rt overnight The 

*tUAc (3x100 mL). The organics were washed S uccessive]y with water, IN HC1 and 
bnne and dried over Na 2 S0 4 and concentrated. Chroxnatography over silica gel 

l 25% Et0Ac/h — ^rded a solid. A solution of this solid in CH,C1 2 (4 

™^ 

are no, t h f0 " 0WinS 2X311115168 ^ F ° Vided t0 illustrate *• inve ^™ »d 

are not to be construed as hunting the scope of the invention in any manner. 




O 1-1 



Scheme 1 



1- H 2 , 
Pd/C 

TEA 




LiOH 
NCbz *~ HO 



O 1^2 




NCbz 



O 1-3 



EDC, HOBt, DIEA, CH 2 CI 2 




~A 0 0 
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5 




Step A: 

To a solution of compound IA (10 g, 41 mmol, Maybridge, BTBG 
0121) in 50 mL of methanol was added palladium on carbon (0.41 g). The mixture 
10 was stirred at r.t. under hydrogen gas (1 atmosphere) overnight. The solid was filtered 
and washed with methanol. The filtrates were concentrated to give M as colorless oil 
(6.3 g). 

ESI-MS: Calcd for C 8 H 13 N0 2 : 155; Found: 156 (MM). 
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gtep B: 

were added TeI* TTT ( " * 41 ^^OmLofTHF 

were added TEA (6.8 mL, 49 mmol) and benzyl chlorofomate (7.6 g 45 mmol) The 
5 reaction mixture was stirred at r t overnight Th^ r« • } ' 
• , "n-uuvcnugnt ine reaction mixture was diliitPH«;itK 

ethyl acetate and washed with IN HQ and hri™ ^ • ^ . 
concentre • ' ^ 0ver M 2 S °4> filtered and 

concentrated to g,ve compound 1£ as an thick oil (11 g) 

ESI-MS: Calcd. for C l6 H 19 N0 4 : 289; Found: 290 (M*+l). 
10 StepC: 

added , T ^7 OlUtiOnOfCOra ^ Und ^ (11 & 39 ^ol)in80mLofTHFwa S 

re^uon mature was stirred at ,t. overnight. The reaction mixture was conceded 
andH 2 0 was added and then acidified by adding aqueous 1 NHC.! , 7 T 
15 ofabout4wasachieved. ^^LJZZ^^^f 

concentrated to gave compound 14 as an off-white solid (72*) 
ESI-MS: Calcd. for C 15 H ]7 N0 4 : 275; Found: 276 (M* + 1)." 

20 StepD: 

Acidic (0.59 g, 2.1 mmol) was dissolved in 10 mT nfmvyro ^ a. 

"-added. IWnldn^^^ j J™ Lt 
25 e %1 acetate, and washed „i» 1N H C1 solution, sa^N^CO 

concentrated. Tlte taomets tvene aq.amed by medi„ m -p reOTlre , iquid 

r^^tW^l^n^ytecMdeaaelnanO^giva^ 
(dtasteteomer 1, 0.52 g) and (djastereomer 2, 0.51 em) 

S ^ fM ™<*^* Ponnd: » ^ „ 
ESI-MS CLffi «— r 2,: Cafcd. for ««« 68S; Fom4 689 ^ + + » 

StepE : 



35 



To asolution of compound!^ (diastereomer 1 0-52 e 076 m n 
in 10 mL of methanol was adH^H , 8 ' 76 mmo1 ) 

was added palladmm-on-carbon (0.01 g). The mixture was 
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stirred at r.t. under hydrogen gas (1 atmosphere) overnight. The solid was filtered and 
washed with methanol The filtrates were concentrated to give 1-4 A (diastereomer 1, 
0.41 g). 

ESI-MS: Calcd for C32H47N4O3F: 554; Found: 555 (MM). 
5 To a solution of compound 1-4B (diastereomer 2, 0.51 g, 0.74 mmol) 

in 10= mL of methanol was added Palladium on carbon (0.01 g). The mixture was 
stirred at r.t. under hydrogen gas (1 atmosphere) overnight. The solid was filtered and 
washed with methanol. The filtrates were concentrated to give 1-4B (diastereomer 2, 
040 g). 

10 ESI-MS: Calcd for C32H47N4O3F: 554; Found: 555 (MM). 
Step F : 

To a solution of compound 1-4 A (diastereomer 1, 0.1 1 g, 0.20 mmol) 
in 5 mL of methanol was added formaldehyde (0.20 mL, 37% in water, 2.0 mmol). 

1 5 After the mixture was stirred for 30 min, a solution of NaCNBH 3 (L0 mL, L0M, 1 .0 
mmol) was added. The mixture was then stirred at r.t. overnight and solvents were 
removed under reduced pressure. The residue was quenched with sat'd NaHC0 3 and 
extracted with EtOAc. The combined organic layers were washed with brine, dried 
over MgS04, filtered, and concentrated to give 1-5A (diastereomer 1, 0.097 g). 

20 ESI-MS: Calcd for C33H49N4O3F: 568; Found: 569 (MM). 

To a solution of compound 1-4B (diastereomer 2, 0. 1 1 g, 0.20 mmol) 
in 5 mL of methanol was added formaldehyde (0.20 mL, 37% in water, 2.0 mmol). 
After the mixture was stirred for 30 min, a solution of NaCNBH 3 (1.0 mL, 1.0 M, 1.0 
mmol) was added. The mixture was then stirred at r.t. overnight and solvents were 

25 removed under reduced pressure. The residue was quenched with sat'd NaHC0 3 and 
extracted with EtOAc. The combined organic layers were washed with brine, dried 
over MgS0 4 , filtered, and concentrated to give 1-5B (diastereomer 2, 0.097 g). 
ESI-MS: Calcd for C33H49N4O3F: 568; Found: 569 (MM). 

30 The following Examples shown in Table 1 having the indicated R 

stereochemistry at the stereogenic center marked with an * and the indicated anti 
stereochemistry at the stereogenic center marked with an ** relative to the [2.2.1]- 
bicycle ring nitrogen were prepared in a similar fashion as Example 1 following the 
methodologies shown in Schemes A and B. 

35 
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9 




F 


d2 


iPr 


597(M+ + 1) 




0 





















Scheme 2 
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1.TFA 



2. HCHO, Na(CN)BH 3 




EXAMPLE 10 




and 




Step A: 



To a solution of compound 2=1 (1.0 g, 3.6 mmol) [for 



preparation of 2- 



IT? 1 ** 8751 (1 " 2) ^UfaLflBh 33: 2690 (1990)] in 10 mL of 

under hydrogen gas (1 atmosphere) overnight The solid w« fiit S " rredatr - t - 
methanol Thpfii^ me solid was filtered and washed with 

methanol. The filtrates were concentrated to give 2=2 as a colorless oil (0.95 g). 
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ESI-MS: Calcd for Q4H23NO4: 269; Found: 270 (M*+l). 
StepB: 

To a solution of compound 7/1 (0.95 g, 3.5 mmol) in 15 mL of THF 
5 was added a solution of lithium hydroxide (0.5 g, 23 mmol) in 5 mL of H 2 0. The 
. reaction mixture was stirred at r.t. overnight. The reaction mixture was concentrated 
and H2O was added and then acidified by adding aqueous 1 N HC1 solution until a pH 
of about 4 was achieved. The solution was extracted with EtOAc, and the combined 
organic extracts were washed with brine, dried over MgS0 4 , filtered, and 
10 concentrated to give compound 23 as a white solid (0.78 g). 
ESI-MS: Calcd. for C 13 H 2 iN0 4 : 255; Found: 256 <M*+1). 

Step C: 

Acid 2r3 (0.55 g, 2.1 mmol) was dissolved in 30 mL of methylene 
15 chloride, and then the 4-F-D-Phe-4-cyclohexyl-piperidine-4-carboxylic acid tert-butyl 
amide (1.0 g, 2.1 mmol), DDEA (0.37 mL, 2.1 mmol), EDC (0.82 g, 4.2 mmol), and 
HOBt (0.29 g, 2.1 mmol) were added. The resulting mixture was stirred at r.t. 
overnight, and then diluted with methylene chloride, and washed with IN HC1 
solution, saturated NaHC0 3 solution, and brine. The organic layer was dried over 
20 MgS0 4 , filtered, and concentrated. The isomers were purified by flash 

chromatography on silica gel (2:3 EtOAc-hexane) to give 2-4A (diastereomer 1, 0.55 
g) and 2-4B (diastereomer 2, 0.62 gm). 

ESI-MS (1-4A) : Calcd. for C38H57N4O5F: 668; Found: 669 (M* + 1). 
ESI-MS (1-4B) : Calcd. for C38H57N4O5F: 668; Found: 669 (M + + 1). 

25 

Step D : 

Compound 2Ah (diastereomer 1, 0.52 g, 0.78 mmol) was dissolved in 
10 mL of 4 N HC1 in dioxane. This solution was stirred at r.t. for 60 min, and then 
concentrated to give 2-4A as a white solid (diastereomer 1, 0.48 g). 
30 ESI-MS: Calcd for C33H49N4O3F: 568; Found: 569 (M+ + 1). 

Compound 2-4B (diastereomer 2, 0.43 g, 0.64 mmol) was dissolved in 
10 mL of 4 N HC1 in dioxane. This solution was stin-ed at r.t. for 60 min, and then 
concentrated to give 2-4B as a white solid (diastereomer 2, 0.39 g). 
ESI-MS: Calcd for C33H49N4O3F: 568; Found: 569 (M* + 1). 

35 
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Step_E: 

To a solution of compound 2AA (diastereomer 1011.018 mmnn 
m 2 mL of methylene chloride was added formaldehyde (0 15 l ^ Z^ l 
-ol), DIEA (0.032 mL, 0.18 mmol), and 

After the mixture was stirred for 5 min NaffiAckBRmn , * ^ 

ESI-MS: Calcd for CjJfaN.OsF: 582; Found- 583 (M* + 1). 

To a solution of compound 2;4B (diastereomer 2nm.n,7 
in 2 nnL of m . ( h y .e„e chlonde was added foidehydoZTn^ 37* .""S 
(0.02, * 0,7 mmo,,, and tnolectdar^ ,£mg 1" ~ ? 
After the mixture was stirred for 5 min NafOAcUwr m^\n } " 

meftylene chlonde, washed M sard NaHCO, dried over NaSO, m£Z 
concentrated to give 2^ (diaatercomer 2, 0.085 g) 
ESI-MS: Calcd for C^H^C-jR 582; Fbnnd: 583 (M* + 1). 

Tha following Btamplaa shown in Table 2 having the indicated * 
stereoc ennstrv a, ft. stereogenic center marked with an • and £ 

methodologies shown in Schemes A and B. mowing the 
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TABLE 2 



Ex. 


X 


R6 


Diastereomer with 
arcrf-stereochem at ** 


R5 


Mass 
spectrum 


X X 


O 




di + d? 


xl 


(M+ + 1) 


19 


o 


X 


do 


1V1C 


(M++1) 




o 


x^ 


di +d? 


iPr 


JOt 

(M+ + 1) 


14. 


0 


17 


di + d9 

*^X 1 


1 V*i i i"\/1 


(M+ + 1) 


1 5 
ID 


o 


X? 

X 1 


di + d? 


0 

NH 2 


fii ^ 
(M++1) 


1U 


o 


x^ 


di 
^*x 


-CH2CO2H 


UUv 

(M+ + 1) 


17 


0 


F 


dl 


-CH2CONH2 


599 
(M+ + 1) 


18 


o 


F 


dl 


P"\j-CH 2 OH 
NH 2 


763 
(M+ + 1) 


19 


o 


F 


dl 




636 
(M+ + 1) 
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20 


0 


F 


dl 


-COCH2NH2 


599 
(M++1) 


21 


0 


F 


dl + d2 


H 


569 
(M++1) 


22 


Vx 

0 


CI 


dl +d2 


Me 


583 
(M+ + 1) 


23 


Vx 

0 


CI 


dl + d2 


iPr 


611 
(M++1) 


24 


Vx 

o 


F 


dl +d2 


cyclobutyl 


623 
(M++1) 


25 


Vx 

0 


F 


1 dl " 


2,2- 
difluoroethyl 


633 
(M++1) 


26 


Vx 

0 


F 


dl 


O 

NH 2 


640 
(M++1) 


01 
£ / 


Vx I 

0 | 


CI 


dl +d2 


H 


586 
(M++1) 


28 


, H 
0 




dl + d2 


H 


544 
(M++1) ' 


29 


If OMe 
0 


F 


di +d2 


H 

< 


572 
M++1) 
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30 




CI 


di + d2 


H 


569 
(M+ + 1) 


31 


W N 


F 


di + d2 


iPr 


611 
(M++1) 


32 




F 


di + d2 


H 


614 

(M + + I) 


33 


n O 


F 


dl 


Me 


628 
(M++1) 


34 


0 


F 


Q\ + 02 


H 


583 
(M+ + 1) 


35 


O 


F 


di + d2 


cvclobutvl 


637 
(M++1) 


36 


o 

H 


F 


di+d2 


Me 


583 
(M++1) 


37 




F 


di + d2 


Me 


581 
(M+ + 1) 



5 
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BIOLOGICAL ASSAVQ- 



15 



20 



The membrane «ng assay was used to identify competitive 



25 



30 



Cell lines expressing melanocortin receptors were grown in T-180 
flas^ containing^ 

Eagles Medmm (DMEM) with 4.5 g L- g i UC ose, 25 mM Hepes, without sodium 
~ Wfc 100 ml » heat-inactivated fetal 1. 10 
mi 10,000 umt/ml penicillin * 10,000 ug/ml streptomycin (Gibco/BRl); 0^ 200 
imML-glutamme (Gibco/BRl); 1 mg/ml Geneticin (G418) (Gibco/BRl Tbe cell, 
were grown at37°C with 002^1^^^^^ 
cell number was obtained. 

*™ ^WMediafrc^added. rhaceJwerenXd^ 
37 C far .0 mmutes or cells ^ off wta flKk ^ ^ 

■pro, 4 C, for 10 mm. He supernatant was discarded and the cells were resuspended 

Tns pH 7.2-74; 4 ug/ml tapepdn (Sigma); 10 uM Phosphoramidon (Boehrmrer 
»Wk 40 ogfrn, Bacitracin (Sigma); 5 ngfml ^ (^^T 

rpm, 4 C, for 15 minutes. 

h,rfr „ , ^^"^^^'''"^"''^^rntembraneprep 
buffer and abquots were p,aced in tubes (5OM00O ul/tube, and quiet froren inZid 
nitrogen and then stored at -80»C. «-* irozen in liquid 

Test compounds or unlabelled NDP-a-MSH was added to 100 uL of 
ZT*T angb " fet0afln ^~-° f '^lliemembrnnll: 

Ma h fl ^ PeP "" <SI0MA); W uMp hosphoramidon 1*« 
KtanhemO; 40 ug,nd Bacitracin (SIGMA); 5 ug/m, Aprodmn (SIGMA); and 10^ 

contammg 1040 ug membrene protein was added, Mowed by ,00 mM^NDP-c 
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MSH to final concentration of 100 pM. The resulting mixture was vortexed briefly 
and incubated for 90-120 min at room temp while shaking. 

The mixture was filtered with Packard Microplate 196 filter apparatus 
using Packard Unifilter 96-well GF/C filter with 0.1% polyethyleneimine (Sigma). 
5 The filter was washed (5 times with a total of 10 ml per well) with room temperature 
of filter wash having the composition: 50mM Tris-HCl pH 7.2 and 20 mM NaCL The 
filter was dried, and the bottom sealed and 50 ul of Packard Microscint-20 was added 
to each well. The top was sealed and the radioactivity quantitated in a Packard 
Topcount Microplate Scintillation counter. 

10 

B. Functional assay. Functional cell based assays were developed to discriminate 
melanocortin receptor agonists from antagonists. 

Cells (for example, CHO- or L-cells or other eukaryotic cells) 
expressing a human melanocortin receptor (see e.g. Yang-YK; Ollmann-MM; Wilson- 

15 BD; Dickinson-C; Yamada-T; Barsh-GS; Gantz-I; Mol-Endocrinol. 1997 Mar; 11(3): 
274-80) were dissociated from tissue culture flasks by rinsing with Ca and Mg free 
phosphate buffered saline (14190-136, Life Technologies, Gaithersburg, MD) and 
detached following 5 minutes incubation at 37°C with enzyme free dissociation buffer 
(S-014-B, Specialty Media, Lavellette, NJ). Cells were collected by centrifugation 

20 and resuspended in Earle's Balanced Salt Solution (14015-069, Life Technologies, 
Gaithersburg, MD) with additions of 10 mM HEPES pH 7.5, 5 mM MgCl 2 , 1 mM 
glutamine and 1 mg/ml bovine serum albumin. Cells were counted and diluted to 1 to 
5 x 10 6 /ml. The phosphodiesterase inhibitor 3-isobutyl-l-methylxanthine was added 
to cells to 0.6 mM. 

25 Test compounds were diluted in dimethylsulfoxide (DMSO) (10 5 to 

10* 10 M) and 0.1 volume of compound solution was added to 0.9 volumes of cell 
suspension; the final DMSO concentration was 1%. After room temperature 
incubation for 45 min., cells were lysed by incubation at 100°C for 5 min. to release 
accumulated cAMP. 

30 cAMP was measured in an aliquot of the cell lysate with the 

Amersham (Arlington Heights, IL) cAMP detection assay (RPA556). The amount of 
cAMP production which resulted from an unknown compound was compared to that 
amount of cAMP produced in response to alpha-MSH which was defined as a 100 % 
agonist. The EC50 is defined as the compound concentration which results in half 

35 maximal stimulation, when compared to its own maximal level of stimulation. 
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AntagomsLas^: Antagonist activity was defined as the ability of a 
compound to block cAMP production in response to alpha-MSH. Solution of test 
compounds and suspension of receptor containing cells were prepared and mixed as 
descnbed above; the mixture was incubated for 15 mJn., and an EC50 dose 

l~ri^ y alPha_MSH) ^ ^ l ° ^ CeHS - ^ - terminated 
at 45 mm. and cAMP quantrtated as above. Percent inhibition was determined by 

companng the amount of cAMP produced in the presence to that produced in the 
absence of test compound. " e 

10 C. In vivo food intakft tnnriMc 

1) Overnight food retake . Sprague Dawley rats are injected 
mtracerebroventricularly with a test compound in 400 nL of 50% propylene 

^ycol/arnficial cerebrospinal fluid one hour prior to onset of dark cycle (12 hours) 
Foodm takeis ^ 

compound administration is measured. 

2) Food intake in diet induced obese, mjcg Male C57/B16J mice 
mamtamed on a high fat diet (60% fat calories) for 6.5 months from 4 weeks of a»e 
are are dosed mtraperitoneally with test compound. Food intake and body weight^ 
measuredoveraneightdayperiod. Biochemical parameters relating to obesity 
jncludmg eptin, insulin, triglyceride, free fat* acid, cholesterol and serum glucose 
levels are determined. siui-ose 

D. Rat Ex Copula Acoay 

Sexually mature male Caesarian Derived Sprague Dawley (CD) rats 

preve„ retrain of the penis back into the penile sheath during the ex copula 

ZZ27' fT SreCeiVefo0dand - te -^^ andarekeptonanormal 
hght/dark cycle. Studies are conducted during the light cycle. 

• ? - C ° nditioni ^ t0 ^^mmS^MCoEsmATe^ This 

•, ay3 '* emmaIsra Attained in ths supine position 

<he pen.ie shea* retrace* for 15 - 30 .nine*, Day 4, ,he aninrais L resC 
.n .he sup,ne position wi,h the peniie sheath t^eted mtu penile J*~ ' 
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observed. Some animals require additional days of conditioning before they are 
completely acclimated to the procedures; non-responders are removed from further 
evaluation. After any handling or evaluation animals are given a treat to ensure 
positive reinforcement. 
5 2) Ex Copula Reflex Tests . Rats are gently restrained in a supine 

position with their anterior torso placed inside a cylinder of adequate size to allow for 
normal head and paw grooming. For a 400-500 gram rat, the diameter of the cylinder 
is approximately 8 cm. The lower torso and hind limbs are restrained with a non- 
adhesive material (vetrap). An additional piece of vetrap with a hole in it, through 

10 which the glans penis will be passed, is fastened over the animal to maintain the 
preputial sheath in a retracted position. Penile responses will be observed, typically 
termed ex copula genital reflex tests. Typically, a series of penile erections will occur 
spontaneously within a few minutes after sheath retraction. The types of normal 
reflexogenic erectile responses include elongation, engorgement, cup and flip. An 

15 elongation is classified as an extension of the penile body. Engorgement is a dilation 
of the glans penis. A cup is defined as an intense erection where the distal margin of 
the glans penis momentarily flares open to form a cup. A flip is a dorsiflexion of the 
penile body. 

Baseline and or vehicle evaluations are conducted to determine how 
20 and if an animal will respond. Some animals have a long duration until the first 

response while others are non-responders altogether. During this baseline evaluation 
latency to first response, number and type of responses are recorded. The testing time 
frame is 15 minutes after the first response. 

After a minimum of 1 day between evaluations, these same animals are 
25 administered the test compound at 20 mg/kg and evaluated for penile reflexes. All 
evaluations are videotaped and scored later. Data are collected and analyzed using 
paired 2 tailed t-tests to compared baseline and/ or vehicle evaluations to drug treated 
evaluations for individual animals. Groups of a minimum of 4 animals are utilized to 
reduce variability. 

30 Positive reference controls are included in each study to assure the 

validity of the study. Animals can be dosed by a number of routes of administration 
depending on the nature of the study to be performed. The routes of administration 
includes intravenous (IV), intraperitoneal (IP), subcutaneous (SC) and intracerebral 
ventricular (ICV). 
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E. Models of Female S exual Dysfunction 

Rodent assays relevant to female sexual receptivity include the 
behavioral model of lordosis and direct observations of copulatory activity There is 
also a urogenital reflex model in anesthetized spinally transected rats for 
measuring orgasm in both male and female rats. These and other established animal 
models of female sexual dysfunction are described in McKenna KEetal A Model 
For The Study of Sexual Function Tn Anesth^i^H M a i. ^ pe^^ Ratg &m T 
Physiol. (Regulatory Integrative Comp. Physiol 30): R1276-R1285, 1991- McKenna 
KE et al, Modulation By Peripheral Serotonin of Th. T^ shold Fnr Pofl _„ 
In Female Rats, Pharm. Bioch. Behav., 40:151-156, 1991; and Takahashi LK et al 
DualEstradiol Action In The Telencep halon Anovulation Of ' 
Behavio r In F e m ale Golden TWt^, Brain Res., 359:194-207, 1985. 

Representative compounds of the present invention were tested and 
found to bind to the melanocortin-4 receptor. These compounds were generally found 
to have IC 50 values less than 2 pM. Representative compounds of the present 
invention were also tested in the functional assay and found generally to activate the 
melanocortin-4 receptor with EC50 values less than 1 uM. 
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EXAMPLES OF A PHARMArFTrncAL nOMPn^rrrnxT 

As a specific embodiment of an oral composition of a composition of 
the present invention, 5 mg of Example 2 is formulated with sufficient finely divided 
lactose to provide a total amount of 580 to 590 mg to fill a size O hard «elatin 
capsule. fc 

As another specific embodiment of an oral composition of a compound 
of the present invention, 2.5 mg of Example 2 is formulated with sufficient finely 
divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard gelatin 
capsule. 6 

While the invention has been described and illustrated in reference to 
certain preferred embodiments thereof, those skilled in the art will appreciate that 
vanous changes, modifications and substitutions can be made therein without 
departing from the spirit and scope of the invention. For example, effective dosages 
other than the preferred doses as set forth hereinabove may be applicable as a 
consequence of variations in the responsiveness of the mammal being treated for 
seventy of bone disorders caused by resorption, or for other indications for the 
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compounds of the invention indicated above. Likewise, the specific pharmacological 
responses observed may vary according to and depending upon the particular active 
compound selected or whether there are present pharmaceutical carriers, as well as the 
type of formulation and mode of administration employed, and such expected 
5 variations or differences in the results are contemplated in accordance with the objects 
and practices of the present invention. It is intended, therefore, that the invention be 
limited only by the scope of the claims which follow and that such claims be 
interpreted as broadly as is reasonable. 

10 
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WHAT IS CLAIMED IS: 

1 • A compound of structural formula I: 




(0 

or a pharmaceutically acceptable salt thereof; 

wherein mis 1 or 2; 

each n is independently 0, 1, or 2; 

each p is independently 0, 1 or 2; 

qis 1 or 2; 

R 1 is selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 

(CHR7) n -C3_6 cycloalkyl, 
(CHR7) q -0(CHR7)aryl, 
(CHR7)n-aryl, and ' 
(CHR7)n.heteroaryl; 



wherean ary and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and ^ md cycloaIky] m unsubstituted J P 
subsututed with one to three groups independently selected from R6 a„ d oxo . 



R2 is selected from the group consisting of 
hydrogen, 
Cl-8 alkyl, 

(CH2) n C3-6 cycloalkyl, and 
(CH2) n -aryl; 
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R.3 and R4 are each independently selected from the group consisting of 
hydrogen, 
Ci-8 alkyl, 

(CH2) n C3-6 cycloalkyl, 
5 (CH 2 ) n -aryl, 
hydroxy, 
halogen, and 
amino; 

10 R5 is selected from the group consisting of 

hydrogen, 

Ci-8 alkyl, 

(CH 2 ) n -aryl, 

(CH2)nC3-6 cycloalkyl, 
15 (CH2) n -heteroaryl, 

(CH2) n -heterocyclyl, 

COC(R7) 2 NH2, 

COR7 

(CH 2 )nOR7, 

20 (CH2) n C0 2 R7, 

(CH 2 ) n CONR7R7, 

CH 2 OCH, 
C02R7, 
CH2CHF 2 , 
25 GONR7R7, and 

S02R7; 

wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and alkyl, cycloalkyl, and heterocyclyl are 
unsubstituted or substituted with one to three groups independently selected from R6 
30 and oxo; 

each R6 is independently selected from the group consisting of 
hydrogen, 
Ci-6 alkyl, 
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(CH2) n -phenyl, 
(CH2) n -naphthyl, . 
(CH 2 ) n -heteroary], 
(CH2) n -heterocyclyl, 
5 (CH2) n C3-7 cycloalkyl, 

halogen, 
OR7, 

(CH 2 ) n N(R7) 2> 
-(CH 2 )nON, 
10 (CH 2 ) n C0 2 R7 
N0 2> 

(CH2)nNR7so 2 R7, 
(CH2)nS0 2 N(R7)2, 
(CH 2 ) n S(0) p R7 

15 (CH 2 ) n NR7c(0)N(R7)2 ) 
(CH 2 )nC(0)N(R7)2, 
(CH 2 ) n NR7 C (0)R7, 
(CH 2 )nNR7C02R7, 
0(CH2) n C(0)N(R7) 2 , 
20 CF 3 , 

CH2CF3, 
OCF3, and 
OCH2CF3; 



25 



30 



substituted with one to three substituents independently selected from halogen 
hydroxy, c„ alky, trifluoromethyl, and C „ alkoxy; and wherein any one 
(CH 2 ) carbon atom m R 6 is unsubstituted or substituted ^ ^ ^ J * 

~« 

when on the same methylene (CH 2 ) carbon atom are taken together with the carbon 
atom to which they are attached to form a cyclopropyl group; 

each R7 is independently selected from the group consisting of 
hydrogen, 
Cl-8 alkyl, 
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(CH 2 ) n -phenyl, 
(CH2)n-naphthyl, 

(CH2)n-heteroaryl, and 

(CH2) n C3-7 cycloalkyl; 
5 wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R6; alkyl and cycloalkyl are unsubstituted 
or substituted with one to three groups independently selected from R6 and oxo; and 
wherein any methylene (CH2) carbon atom in R7 is unsubstituted or substituted with 
one to two groups independently selected from halogen, hydroxy, and Ci-4 alkyl; or 
10 two R7 groups together with the atom to which they are attached form a 5- to 8- 
membered mono- or bicyclic ring system optionally containing an additional 
heteroatom selected from O, S, and NC1-4 alkyl; 



each R8 is independently selected from the group consisting of 
15 hydrogen, 

(CH 2 ) n Ci-7 alkyl, 
(CH2)n-aryl, 
(CH2)n-heteroaryl, 
(CH 2 )n-heterocyclyl, and 
20 (CH2) n C3-7 cycloalkyl; 

wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and alkyl, cycloalkyl, heterocyclyl, and (CH 2 )n are 
unsubstituted or substituted with one to three groups independently selected from R6 
and oxo; or two substituents when on the same methylene (CH2) carbon atom are 
25 taken together with the carbon atom to which they are attached to form a cyclopropyl 
group; 

or two R8 groups together with the atoms to which they are attached form a 5- to 8- 
membered mono- or bi-cyclic ring system optionally containing an additional 
heteroatom selected from O, S, NR7, NBoc, and NCbz; 



30 



X is selected from the group consisting of 
C1-8 alkyl, 

(CH2) n C3-8 cycloalkyl, 
(CH 2 ) n -phenyl, 
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(CH 2 ) n -naphthyl, 

(CH 2 ) n -heteroaryl, 

(CH 2 ) n heterocyclyl, 

(CH 2 ) n ON, 
5 (CH 2 ) n CON(R8R8), 

(CH 2 ) n C0 2 R8, 

(CH 2 ) n COR8, 

(CH 2 ) n NR8 C (0)R8, 

(CH 2 ) n NR8 C 02R8, 
3 (CH 2 ) n NR8c(0)N(R8) 2 , 

(CH 2 ) n NR8S02R8, 
(CH2) n S(0)pR8, 
(CH 2 ) n S0 2 N(R8)(R8), 
(CH 2 ) n OR8, 
J (CH 2 ) n OC(0)R8 
(CH 2 ) n OC(0)OR8, 
(CH 2 ) n OC(0)N(R8) 2 , 
(CH 2 ) n N(R8)(R8), and 

(CH 2 )„NR8S02N(R8)(R8) ; 
wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R 6 ; alkyl, cycloalkyl, and heterocyclyl ate 
unsubstituted or substituted with one to three groups independently selected from R6 
and oxo, and whexem any methylene (CH 2 ) carbon atom in X is unsubstituted or 



Y is selected from the group consisting of 
hydrogen, 
Cl-8 alkyl, 
C2-6 alkenyl, 
(CH2) n C3- 8 cycloalkyl, 
(CH2) n -phenyl, 
(CH2) n -naphthyl, 
( c H2)n-heteroaryl, and 
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(CH2)n-heterocyclyI ; 

wherein phenyl, naphthyl, and heteroaryl are unsubstituted or substituted with one to 
three groups independently selected from R6; alkyl, cycloalkyl, and heterocyclyl are 
optionally substituted with one to three groups independently selected from R6 and 
5 oxo; and wherein any methylene (CH2) carbon atom in Y is unsubstituted or 

substituted with one to two groups independently selected from halogen, hydroxy, and 
C1-4 alkyl. 

2. The compound of Claim 1 wherein Rl is CHR7-aryl, 

10 CHR7oCHR7-aryl, or CHR7-heteroaryl wherein aryl and heteroaryl are unsubstituted 
or substituted with one to two groups independently selected from R6. 

3. The compound of Claim 2 wherein Rl is benzyl optionally 
substituted with one or two groups independently selected from halogen, Ci-4 alkyl, 

15 C1-4 alkoxy, CN, CF3, and OCF3. 

4. The compound of Claim 3 wherein Rl is 4-chlorobenzyl; 4- 
fluorobenzyl; 3,4-difluorobenzyl; 3,5-difluorobenzyl; 2-cyano-4-fluorobenzyl; or4- 
methoxybenzyl. 



20 



5. 



The compound of Claim 1 wherein R2 is hydrogen or methyl. 



6. 



The compound of Claim 1 wherein R5 is selected from the 



group consisting of 



25 



hydrogen, 

C1-8 alkyl, 

(CH 2 )n-aryl, 

(CH2) n -heteroaryl, 

(CH2) n -heterocyclyl, 

(CH2) n C3-6 cycloalkyl, 

(CH 2 ) n C0 2 R7, 

(CH2) n CONR7R7, 

(CH 2 ) n OR7, 
COC(R7)NH2, 
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CH2CHCH, and 
CH2CHF2; 

wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and alkyl, cycloalkyl, and heterocyclyl are 
unsubstituted or substituted with one to three groups independently selected from R6 
and oxo. 



7. The compound of Claim 6 wherein X is selected from the 
group consisting of 
!0 Cm alkyl, 

(CH 2 ) n -aryl, 
(CH2) n -heteroaryl, 
( c H2)n-heterocyclyl, 
(CH 2 )nC(0)N(R8)(R8) ; 

15 (CH 2 ) n C02R8 
(CH 2 )nOR8 

(CH 2 ) n S(0)o-2R8, 

(CH 2 )nNHC(0)R8, 

(CH 2 )i,OC(0)NR8r8, and 
20 (CH2)„NR8S0 2 R8; 

whereinaryl and heteroaryl are optionally substituted with one to three groups 
mdependently selected ftom R6 ; heterocyclyl is optionally substituted with one to 
three groups mdependently selected from R6 and oxo; the (CH 2 ) n group is optionally 

2R7. N (R7 )2 , ^ 0R 7 ; and each R8 is independently selected from H, C, 8 alkyl 
and C3-6 cycloalkyl, wherein alkyl and cycloalkyl are optionally substituted with one 
to three groups independently selected from R6 and oxo; or two R 8 together 
w,th the atoms to which they are attached form a 5- to 8-membered mono- or bi-cyclic 

8- The compound of Claim 7 wherein X is selected from the 
group consisting of 

Ci-6 alkyl, 



25 
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(CH2)0-l-heteroaryl, 
CH2-heterocyclyl, 
CO2R8, 
CH2OR8, 

5 CH 2 S(O)0-2R 8 , . 

NHC(0)R8, 

CH2NR8SO2R8, 
CH20C(0)NR8r8 9 

CH2NR8SO2R8, and 
10 C(0)N(RS)(R8); 

wherein heteroaryl is optionally substituted with one to three groups independently 
selected from R6; heterocyclyl is optionally substituted with one to three groups 
independently selected from R6 and oxo; and each R8 is independently selected from 
H, alkyl, and C3-6 cycloalkyl, wherein alkyl and cycloalkyl are optionally 

15 substituted with one to three groups independently selected from R6 and oxo; or two 
R8 groups together with the atoms to which they are attached form a 5- to 8- 
membered mono- or bi-cyclic ring system optionally containing an additional 
heteroatom selected from O, S, NR7, NBoc, and NCbz. 

20 9. The compound of Claim 1 wherein Y is selected from the 

group consisting of 
C1-8 alkyl, 

(CH2) n C3-7 cycloalkyl, 
(CH 2 ) n -aryl, 
25 (CH2) n -heterocyclyl, and 

(CH2)n-heteroaryl; 

wherein aryl and heteroaryl are optionally substituted with one to three groups 
independently selected from R6; and (CH2) n , alkyl, cycloalkyl, and heterocyclyl are 
optionally substituted with one to three groups independently selected from R6 and 
30 oxo. 

10. The compound of Claim 9 wherein Y is 
cyclohexyl, 
cycloheptyl, 
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cyclopentyl, or 
Cl-6 alkyl; 

wherein alky] and cycloalky, groups are unsubstituted or substituted with one to three 
groups independently selected from R6 and oxo 

5 

11. T hecompoundofClaiml0whereinYiscyclohexylorCi. 6 
a ky ; wherein the cyclohexy, and alkyl groups are unsubstituted or substituted with 
one to three groups mdependently selected from R6 and oxo. 

1 ° 12 - The compound of Claim 1 of formula E: 




wherein mis 1 or 2; 
each n is independently 0, 1, or 2; 
15 R2 is hydrogen or methyl; 

R3 is hydrogen, fluoro, or hydroxy; 

each R6 is independently selected from the group consisting of 
hydrogen, 
halogen, 
cyano, 
Cl-4alkyl, 
Ci_4 alkoxy, 

trifluoromethyl, and 
trifluoromethoxy; 

R5 is selected from the group consisting of 
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hydrogen, 
Ci-8 alkyl, 
(CH 2 )n-aryI, 
(CH2)n-heteroaryl, 
(CH 2 )n-heterocyclyl , 
(CH2) n C3-6 cycloalkyl, 
(CH2) n C0 2 R7 
(CH2) n CONR7R7, 

(CH 2 ) n OR7, 
COC(R7)NH 2 , 
CH 2 C=CH, and 
CH2CHF2; 



wherein aryl and heteroaryl are unsubstituted or substituted with one to three groups 
independently selected from R6; and alkyl, cycloalkyl, and heterocyclyl are 
unsubstituted or substituted with one to three groups independently selected from R6 
and oxo; 

Y is selected from the group consisting of 
C5-7 cycloalkyl and 
Cl-6 alkyl; 

wherein alkyl and cycloalkyl are unsubstituted or substituted with one to three groups 
independently selected from R6 and oxo; and 

X is selected from the group consisting of 



O 



o 



o 
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H 2 C^v H ^n^ N ^y-CH 2 

HN— ^ HN-< N=( N *N 

0 CH 3 

CHo 



H 2 C - 



.ISM' HN'NH H 2 C-f 




CH 3 

H * C -( > -NH-C(0)CH 3 -C(0)N(CH 3 ) 2 -C(0)NH-t-Bu 



O 

-NHC(0)tBu; -C(0)NHCH(Et) 2 ; -C(0)NHCH 2 tBu; -NH^^" ; 
-CH 2 SCH(CH 3 ) 2 ; -CH 2 S(0)CH(CH 3 ) 2 ; -CH 2 S(0) 2 CH(CH 3 ) 2 ; 

-C(0)NHCH 2 CH 2 N(CH 3 ) 2 ; C(0)CH(CH 3 ) 2 ; -CH 2 NHCOtBu; 
-CH 2 OC(0)NMe 2 ; -CH 2 C(0)NEt 2 ; -CH 2 OC(Me) 2 C0 2 H; 
-C(0)NHC(Me) 2 C0 2 Me; -C(0)NHC(Me) 2 C0 2 H; 
-CH 2 N(CH 3 )COtBu; -CH 2 N(iPr)COMe; -CH 2 N(iPr)S0 2 Me; 
C(0)NHC(Me) 2 CH 2 OMe; C(0)NHC(Me) 2 CH 2 OH; -CH 2 CH 2 C(Me) 2 OH; 
I? / — \ 0 / — v O 

x — ' \ / 3 ^ N O 

\-J 
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Wth ^ TheCOmPOUnd0fClaiml2Wh ^ 

with an * has the R configuration. 

of; U - The COm P° und of Claim 13 selected from the group consisting 
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or a pharmaceutically acceptable salt thereof. 



^ 15. Amethodforthetreatmentorpreventionofdisorders.diseases 
or conaitons responsive to the activation of the melanocortin receptor in a subject in 
need thereof which comprises administering to the subject a therapeutically or 
prophylactically effective amount of a compound according to Claim 1. 

16. Amethodforthetreatmentorpreventionofobesityinasubiect 
in ne^d thereof which comprises administering to the subject a therapeutically or 
prophylactically effective amount of a compound according to Claim 1. 
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17. A method for the treatment or prevention of diabetes mellitus 
in a subject' in need thereof comprising administering to the subject a therapeutically 
or prophylactically effective amount of a compound according to Claim 1. 

5 18. A method for the treatment or prevention of male or female 

sexual dysfunction in a subject in need thereof comprising administering to the 
subject a therapeutically or prophylactically effective amount of a compound 
according to Claim 1. 

10 19. A method for the treatment or prevention of erectile 

dysfunction in a subject in need thereof comprising administering to the subject a 
therapeutically or prophylactically effective amount of a compound according to 
Claim 1. 

15 20. A pharmaceutical composition which comprises a compound of 

Claim 1 and a pharmaceutically acceptable carrier. 

21. The pharmaceutical composition of Claim 20 further 
comprising a second active ingredient selected from the group consisting of an insulin 
20 sensitizer, an insulin mimetic, a sulfonylurea, an a-glucosidase inhibitor, an HMG- 
CoA reductase inhibitor, an anti-obesity serotonergic agent, a |33 adrenoceptor 
agonist, a neuropeptideY Yl or Y5 antagonist, a pancreatic lipase inhibitor, and a 
cannabinoid CBi receptor antagonist or inverse agonist. 

25 22. The pharmaceutical composition of Claim 20 further 

comprising a second active ingredient selected from the group consisting of a type V 
cyclic-GMP-selective phosphodiesterase inhibitor, an ct2-adrenergic receptor 
antagonist, and a dopaminergic agent. 

30 23. A method of treating erectile dysfunction in a subject in need 

thereof comprising administering to the subject a therapeutically effective amount of 
the composition of Claim 22. 
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24. A method of treating erectile dysfunction in a subject in need 
thereof comprising administering to the subject a therapeutically effective amount of a 
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compound of Claim 1 in combination with a type V cycIic-GMP-selective 
phosphodiesterase inhibitor, an cc 2 -adrenergic receptor antagonist, or a dopaminergic 
agent. 6 

25. A method of treating diabetes or obesity in a subject in need 

thereof compnsing administering to the snbject a therapeutically effective amount of a 

compound of Claim 1 in combination with an insulin sensitizer, an insulin mimetic a 

sulfonylurea, an a-glucosidase inhibitor, an HMG-CoA reductase inhibitor, an anti- 

obesaty serotonergic agent, a 03 adrenoceptor agonist, a neuropeptideY Yl or Y5 

antagomst.apancreaticlipaseinhibitor.oracannabinoidCBj receptor antagonist or 
inverse agonist. 
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